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ABSTRACT 
The major objective of the study was to establish the 
identity of powdery.mildew species infecting cucurbits in 
India. In order to achieve this objectives, a study area 
consisting of nine st^ t^es and Union territory of Delhi was 
selected. Practically, it could not be possible to encompass 
all the states of the country. Surveys were conducted in 
localities with extensive cucurbit cultivation in some 
districts of Andhra Pradesh, Assam, Bihar, Himachal Pradesh, 
Karnataka, Madhya Pradesh, Rajasthan, Tamil Nadu, Uttar 
Pradesh and in some localities of Union territory of Delhi in 
the country. Bottle gourd (Lagenar'ia siceraria) , pumpkins 
(Cucurbita moschata, C. maxima), sponge gourd (Luffa 
cylindrica), muskmelon (Cucumis me 1o), long melon (Cucumis 
melo var. utilissimus), shapmelon (Cucumis melo var. 
utilissimus), shapmelon (Cucumis melo var. momordica), 
cucumber (Cucumis sativus) and 'tinda' (Citrullus vulgaris 
var. fistulosus) were found infected in different states 
included in the study area during the surveys. This study 
for the first time in India considered such a large area to 
establish the identity of powdery mildew species infecting 
cucurbits. In addition to identity of the species, 
consistency in anamorph characters in which the powdery 
mildew species were mostly found, was examined in order to 
use them for identification of the involved species, and 
consistency in response of host differential L. siceraria and 
C. qrandis to various isolates of the powdery mildew species 
was also examined for using them as an aid for identification 
of species. Differentiation of races in S. fuliginea 
infecting cucurbits in some states was also undertaken. 
Identity of species 
Identity of powdery mildew species infecting various 
cucurbits in different localities of the states were 
established by suing anamorph and teleomorph (if present) 
characters of the species. 
When teleomorphs were present, type of appendages, 
number of asci in each perithecium, number of ascospores in 
each ascus, shape of ascus and ascospores were studied and 
their dimensions were measured. Mode of parasitism in 
relation to ectophytic and endophytic nature of the mycelium, 
morphology of conidiophores in relation to branching, 
arrangement of conidia on conidiophores, shape of conidia, 
presence or absence of fibrosin bodies in conidia, morphology 
of germ tubes and development of appressoria and point oC 
origin of germ tubes on conidia were studied and length of 
conidiophores, dimensions of conidia were measured and 
length/breath fL/B) index of conidia were determined. 
Sphaerotheca fuliqinea and Erysiphe cichoracearum were 
identified as the species causing the disease on cucurbits m 
the studied area. Both species were encountered in all the 
states except Union territory of Delhi where E. cichoracearum 
was not found at the time of survey. The species showed a 
great degree of specificity in their association with the 
cucurbits. S. fuliginea was invariably present on the 
cultivated cucurbits in all the entire study area. 
L. siceraria, C. inoschata» L. cylindr ica, C. maxima, C. melo 
var. utilissimus, C. vulgaris var. fistulosus were found 
infected with S. fuliqinea in one or the other states. 
L. siceraria, C. moschata, and L. cylindrica were found 
infected with S. fuliginea in all the states S. fuliginea was 
not found on C. grandis. E. cichoracearum was commonly 
encountered on C. grandis, a wild cucurbit. In some states 
like Karnataka and Assam it was found infecting cultivated 
cucurbits as well. Some samples of C. melo and obtained from 
Assam some samples of C. melo, C. maxima and C. moschata 
obtained from Karnataka also showed the presence of 
E. cichoracearum. Cultivated cucurbits in these two states 
including C. melo (Assam and Karnataka) and C. maxima and 
C. moschata (Karnataka) were also found infected with 
§. fuliginea. 
Both species i.e. S. Euliginea and E. cichoracearum 
were present in all the six agro-ecological zones of India 
namely Humid Western Himalayan, Humid Bengal-Assam Basin, 
Sub-Humid Sutlej Ganga Alluvial Plains, Sub-Humid to the 
Humid Eastern and South Eastern Upland, Arid Western Plains 
and Humid to Semi-Arid Western Ghats and Karnataka Plateau. 
Studies were not under taken in two agro-ecological zones oC 
India viz., Humid Eastern Himalayan Region and Bay Islands 
and Arid Lava Plateau and Central High lands. S. fuliginea 
was associated with cultivated cucurbits in all the six zones 
included in the study. E. cichoracearum was found on 
C. grandis in all the six zones and on a few cultivated 
cucurbits in II and VIII zones. 
The study establishes the identity of cucurbit powdery 
mildews in India as S. fuliginea and E. cichoracearum. 
S. fuliginea is overdominant and infects all cultivated 
cucurbits. E. cichoracearum is relatively less frequent on 
cucurbits and is mainly confined to C. grandis. In addition, 
it infects cultivated cucurbits in some areas of the country 
as wel1. 
Consistency in anamorph characters 
A number of anamorph characters particularly presence 
or absence of well developed discrete fibrosin bodies. 
conidial dimensions and length/breadth (L/B) index of 
conidia, forking of germ tubes and appressorial development 
and point of emergence of germ tube from the conidium were 
examined for their consistency. The characters showed a 
great degree of consistency and were found valuable for 
differentiating S. fuliginea and E. cichoracearum. 
The conidia of powdery mildew identified as S. 
fuliginea possessed well developed discrete fibrosin bodies. 
Though in some samples all conidia did not show fibrosin 
bodies, a fairly high percentage contained them. Average 
number of fibrosin bodies per conidium in various states 
ranged between 6 and 9. Conidia of S. fuliginea produced 
simple and forked germ tubes and did not develop appressoria. 
The per cent forking of germ tubes was between 41 and 52. 
The germ tubes emerged from the side wall of the conidium. 
Conidia of the powdery mildew identified as 
E. cichoracearum did not contain fibrosin bodies. On 
germination, they invariably produced simple germ tubes which 
later developed club shaped appressoria. The per cent 
appressorial development ranged between 62 to 68. The germ 
tubes emerged apically/basally. The conidia of S. fuliginea 
were ellipsoidal where as of E. cichoracearum were barrel 
shaped with tendency towards cylindrical. L/B index of 
conidia for the species was more or less consistent being 
less than 2 for S. fuliqinea and more than 2 for E. 
cichoracearum. 
Consistency in response of host differentials 
Laqenaria siceraria and Coccinia qrandis were used for 
differentiating S. fuliqinea and E. cichoracearum and the 
consistency in response of these host differentials were also 
simultaneously tested by inoculating potted plants or leaf 
discs with various collections of the powdery mildew species. 
Inoculation of L. siceraria with the powdery mildew obtained 
from cultivated cucurbits collected from all the states 
resulted in infection. Inoculation of C. grandis with 
powdery mildew from cultivated cucurbits did not cause 
infection. The disease, however, developed on C. grandis when 
incoulated with conidia obtained from C. qrandis. Thus these 
were consistent in this pattern of response and can be 
reliably used in identification of S. fuliqinea and E. 
cichoracearum. 
Identity of races in S. fuliqinea 
Races were differentiated in S. fuliqinea isolates 
collected from six states and Union territory of Delhi. in 
order to differentiate races in S. fuLiginea isolates 
infecting different cucurbits in some states of India, 
cantaloupe cultivars PMRS, PMR6, PMR45 and Edisto 47 were 
adopted as host differentials. Three races i.e. Race 1, Race 
2 and Race 3 were identified in S. fuliginea isolates from 
the cucurbits in the study area. Race 3 was most frequent 
being present on most of the cucurbits in all the states. It 
was followed by Race 1 in prevalence. Races also showed a 
degree of specificity in their association with the 
cucurbits. Race 1 was present mainly on L. cylindrica. It was 
found associated with this cucurbit in all the states. 
Besides L. cylindrical it was also associated with 
L. siceraria in Andhra Pradesh, L. siceraria, 
C. moschata, C. melo in Assam; L. siceraria, C. melo, 
C. melo var. utilissimus in Tamil Nadu, and L. siceraria 
in Uttar Pradesh. Race 2 was confined to C. vulgaris var. 
fistulosus in all the states where found.infected. Race 3 
infected all the cucurbits except L. cylindrica and 
C. vulgaris var. fistulosus. 
The distribution pattern of races of S. fuliginea in 
different agro-ecological zones of the country showed the 
existence of all the three races on cucurbits in zone I, II, 
IV and VIII. Race 1 and Race 3 were presentin zone V. Zones 
Ill and VI were not included in the study. Race 1 was present 
on L. cylindrica in all the studied zones. It was also found 
associated with L. siceraria in zone II, V and VIII; 
with C. moschata in zone II; with C. melo in zone II and 
VIII; and withC. melo var. utilissimus in zone VIII. Race 2 
was found associated with C. vulgaris var. fistolosus in all 
the zones surveyed except zone V. Race 3 was present on all 
the cucurbits in all the studied zones except L. cylindrica 
and C. vulgaris var. fistulosus. 
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INTRODUCTION 
Powdery mildew is a serious disease of cucurbits and 
causes considerable damage to a number of cucurbitaceous 
crops grown in India. Three powdery mildew species, 
§2ll§.§£2tLlieca liiiiainea (Schlecht.) Poll., Ery^j^ghe 
cichoracearum DC. and Leveillula taurica (Lev.) Arnaud. are 
recognised as causal organisms of the disease on cucurbits on 
world-wide basis. Of these, S. fuliginea and E. cichoracearum 
are more commonly encountered on cucurbits in different parts 
of the world than L. taurica. S. fuliginea is apparently 
most prevalent (Khan, 1983, 1989). All the three species are 
reported to exist on cucurbits in India (Khan, 1983). 
S- lMii3ill£5. ^^^ EL' 2i2k2£§.£§££liID ^^^ known to occur on 
cucurbits in certain states of India like Uttar Pradesh, 
Bihar, Madhya Pradesh and Rajasthan (Khan et_ al. , 1971, Khan, 
1976, 1977; Dave et aj,. , 1971; Khosla et, a^. , 1974; Siradhana 
and Chaudhari, 1972). In some states like Jammu and Kashmir 
and Punjab only S. fuliginea is reported to cause the disease 
on cucurbits (Khan et, aj^ . , 1974; Jhooty, 1967; Sharma, 1978). 
In Maharashtra, only E. cichoracearum is reported to cause 
the disease on Coccinia indica (Kulkarni and Mois,1976). 
L. taurica has been reported to infect cucurbits in Rajasthan 
and Karnataka (Mahrshi and Siradhana, 1980; Ullasa and Amin, 
1981) . 
Anamorphs oE S. fuliginea and E. cichoracearum have 
great similarities and teleomorphs are not common. Symptoms 
of the disease caused by them on cucurbits are identical. 
Therefore, there has been a great deal of confusion 
throughout the world with regard to the identity of the 
causal organism of the disease. In recent past, some efforts 
have been made in different countries of the world including 
India to establish the correct identity of the causal species 
of the disease. Jhooty (1967) identified the causal organism 
of the powdery mildew of cucurbits in Punjab on the basis of 
anamorph as S. fuliginea. Sohi and Nayar (1969) reported the 
occurrence of S. fuliginea in Himachal Pradesh and observed 
its teleomorph on Cucurbita moschata. Khan and Khan (1970), 
while studying perithecial production in cucurbit powdery 
mildews in glasshouse, identified the causal organism in 
Uttar Pradesh as S. fuliginea as teleomorphs of the species 
developed on a number of bottlegourd and cucumber cultivars. 
In a later study based on teleomorphs, Khan et^  aj^. (1971) 
claimed that S. fuliginea was mainly responsible for the 
disease on cultivated cucurbits in field conditions and E. 
cichoracearum infects a wild cucurbit Coccinia grandis (=C. 
cordifolia). Sharma (1972, 1973) recorded the occurrence 
of teleomorphs of S. fuliginea on Lagenaria siceraria and E. 
cichoracearum on C. grandis (=C. cordifolia) in Uttar 
Pradesh. Siradhana and Chaudhari (1972) recorded S. luii^inea 
on L. siceraria and E. cichoracearum on C. grandis 
(=C. cordifolia) in Rajasthan, producing teleomorphs. 
Dave et aj^ . (1971) recorded the existence of both the 
species on cucurbits in Madhya Pradesh and found teleomorphs 
of S. fuliginea on L. siceraria and Luffa cylindrica and 
those at E. cichoracearum on Trichosanthes dioica. From a 
survey conducted by Khan et aj^. (1974) in Kashmir, it emerged 
that S. ful iqinea was most prevalent species in the 
state and attacked a number of cucurbits like Cucur;bi^ta 
maxj^ma, C. 2§£°' Cucumj^s^ § a t j^  vu§, Cj^ _t£UJ^ j^ U£ L^H^.^}^! ^"d 
Luffa acutangula. They observed teleomorph of S. fuliginea 
on L. siceraria (=L. leucantha) at Wadura and on C. maxima in 
Dal Lake area. Sharma (1978) reported the occurrence of 
teleomorph of S. fuliginea on Cucurbita pepo and C. maxima 
and anamorph on Momordica charantia, C. melo var. utilissimus 
and Citrullus vulgaris var. fistulosus in Jammu area of the 
state. Khan (1976) after a survey in Bihar found that both 
species were present on cucurbits in the state. Teleomorph 
°^ ^' cichoracearum was found on C. grandis and of 
S. fuliqinea on L. siceraria. He further noticed that most 
severely affected cucurbit was L. siceraria (=L. jeucantha) 
followed by Cucurbita moschata, Cucumis melo, C. mej^ var. 
utilissimus and C. grandis (=C. cordifolia). 
In some states of India, where pre-dominance of 
S. fulicjinea has now been recognised, E. cichoracearum was 
considered as causal organism of the disease since long. In 
several other states, the verification of identity of the 
species involved is yet to be done. This situation demands a 
clear understanding regarding the number of powdery mildew 
species on cucurbits, their distribution pattern in different 
states and their relative dominance in the area. 
Identification of the pathogen responsible for cucurbit 
powdery mildew disease in different agro-ecological zones of 
the country is a matter of fundamental importance and of 
economic consequence. This information is essential and 
useful in breeding of resistant cultivars and for adopting 
other management measures for the disease. 
When teleomorphs are present, identification of the 
powdery mildew species infecting cucurbits becomes easy but 
as they are rarely produced by the species on cucurbits, a 
great deal of confusion surrounds their identity. L. taurica 
is easily distinguishable from the other two species even if 
only anamorph stage is present. Anamorphs of S. fuliginea and 
E. cichoracearum have great similarities. This problem has 
been dealt in detail by Hirata (1942, 1955), Nagy (1970), 
Ballantyne (1975) Boesewinkel (1980) and Khan (1983, 1989). 
Some anamorph characters have been utilised to differentiate 
E. cichoracearum from S. fuliqinea. Such prominent features 
are presence or absence of well-developed fibrosin bodies 
also known as Corpusules de Zoff, mode of germination of 
conidia, morphology of germ tube and development of 
appressoria. The conidia of S. fuliqinea ordinarily possess a 
number of well developed fibrosin bodies. Fibrosin bodies 
are lacking or not we 11-deve loped in the conidia of E. 
£i2il2££cea£um. This feature is claimed as more or less 
consistent but there are records of conidia of S. fuliqinea 
without fibrosin bodies (Yarwood, 1978). Conidia of S. 
fuliqinea when germinate, a number of them form forked germ 
tubes and do not produce appressoria. In contrast, conidia of 
E. cichoracearum form simple germ tubes which develop club-
shaped appressoria. These conidial characters have been 
recognised valuable in distinguishing the anamorphs of 
E. cichoracearum from those of S. fuliqinea. Shape and 
size of conidia and rate of germination have also been 
advocated for use in identification of their species 
(Bitterly, 1978; Khan, 1983, 1989). 
Some of the conidial characters have been reliably used 
in establishing the identity of powdery mildews of cucurbits 
in several countries in the absence of perithecia. Fibrosin 
bodies and germination characters are apparently stable 
characters for differentiating these two species but some 
doubts have been expressed about their reliability. Whether 
these features of conidia are consistent characters, whether 
they are influenced by ecological factors, host or cultivar 
involved or nutritional status of the host are intriguing 
question which need to be answered. For answering such 
questions, comprehensive studies are needed which can examine 
the consistency and reliability of these features before they 
can be used as universal characters. 
Host specificity and host range are also used as an aid 
for identification of plant pathogens. As S. fuliginea and 
E. cichoracearum have wide and overlapping host ranges, 
therefore, it seemed difficult that host specificity may be 
of some help for establishing their identity. Khan 
(1978), however, proposed C. cordifolia (=C. qrandis) 
and L. leucant.ha (=L. §.i2££a£i3) ^s prospective host 
differentials for distinguishing between these two species. 
It was observed that C. cor;d i^ o^j^ j.a was invariably 
attacked by E. cichoracearum which was unable to infect 
h±. leucantha. On the other hand, S. luliginea invariably 
infected L_^  leucantha and not C_^  cordifolia. He proposed that 
these two cucurbits can be reliably used for differentiating 
S. jujiginea and E. cichoracearum. However, he suggested to 
observe their consistency by testing different cultivars of 
L. leucantha and C. cordifolia against the races of 
5' cichoracearum and S. fuliginea. 
A number of varieties (cultivars) of different 
cucurbits are grown in different parts of the world including 
India. New varieties are regularly bred and introduced for 
commercial cultivations. Since the responses of cucurbit 
cultivars to different species of powdery mildew and their 
races are likely to be variable, it is essential to know the 
occurrence of species of powdery mildew and their races in a 
given area for successful cultivation of various cucurbits 
vulnerable to attack by powdery, mildews. At the same time, 
relative dominance of the species of powdery mildew and their 
races, their pattern of distribution and concentration in 
different agro-ecological zones of the country need to be 
investigated and documented. Since there has been very little 
effort to identify the races in powdery mildew species in 
India, screening of cultivars grown in India against the 
known races has not been attempted. 
There are some records of races is powdery mildew, 
causing disease on cucurbits in some countries of the world. 
Thomas (1978) reported three races of S. fuliginea in U.S.A. 
by using differential cantaloupe cultivars. Alcorn (1969) 
reported four pathogenically distinct races of S. fuliginea 
on cucurbits in Queensland, Australia. Abiko (1978) found 
five distinct specialized forms of S. fuliginea on 
cucurbitaceous and non-cucurbitaceous plants. ReifSchneider 
et al. (1985) found race 1 of S. fuliginea in Brazil. In 
India, powdery mildew on cucurbits appears every year. It is 
of common observance that some of the cucurbits in a area or 
region are heavily infected while some remain free from the 
disease, which are attacked in another area or region. The 
differential appearance »of the disease indicates the 
possibility of existence of races with in species causing the 
disease. Kaur and Jhooty (1985) in Punjab noted the 
occurrence of three different pathological forms on the basis 
of differential reaction. Kaur and Jhooty (1986) again found 
race 3 of S. fuliginea on muskmelon by using differential 
cultivars. However, in the rest part of India no attempts has 
been made to detect the existence of races in powdery mildews 
of cucurbits. 
In this programme of research, considering these 
aspects related to the powdery mildew of cucurbits important 
for tackling the disease, the following aspects have been 
studied and are embodied in the thesis for Ph.D. degree. 
1. Identification of the causal organism(s) in order to 
establish the identity of powdery mildew(s) of cucurbits in 
some states of India. 
2. Consistency in anamorph (conidial) characters for their 
use in identification of S. fuliginea and E. cichoracearum. 
3. Consistency in response of host differentials for their 
use as an aid for identification of S. fuliginea and 
E. cichoracearum. 
4. Differentiation of races in S. fuliginea. 
LITERATURE REVIEW 
Cucurbits constitute an important group of vegetables 
and raw and ripe fruits and are grown all over the world. 
Powdery mildew disease of cucurbits is world-wide in 
distribution and both indoor and outdoor cucurbits suffer 
variously due to this disease (Hirata, 1966; Sitterly, 1978; 
Khan, 1983, 1989). The severity of the disease in indoor 
cultivations is greater than in outdoor field plots because 
of favourable environmental conditions such as moderate to 
high temperature, high soil moisture, reduced air 
circulation, reduced light intensity and continuous cropping 
(Sitterly, 1978). 
Occurrence of povirdery mildew on cucurbits 
Powdery mildew on cucurbits is listed to occur in all 
the geographical regions of the world (Hirata 1968; Amano 
1986; Khan, 1983, 1989). Records of the disease on cucurbits 
in different countries are given in Table 1. Records of 
occurrence of different species of powdery mildews on 
cucurbits are summarized in Tables 2-6. Tables 7 and 8 
present the records of teleomorphs of the powdery mildews 
reported to occur on cucurbits in different parts of the 
world. Similarly the reports of occurrence of powdery mildew 
on cucurbits in different states and agro-ecological zones of 
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India and involved powdery mildew species are presented in 
Tables 9-11. Table 12 and 13 show the records of telemorphs 
of powdery mildews on cucurbits in different states of India. 
Causal organisms 
Teleomorphs of Ery^ s^ i^ phe ci.cho£acearum DC.; Er;Y£_i2he 
communis (Wallr.) Link.; Erysiphe polygoni (DC.) St. Am.; 
Erysiphe polyphaga Hammarlund; Leveillula taurica (Lev.) 
Arnaud, Sphaerotheca fuliginea (Schlecht.) Poll, are claimed 
to have been recorded on cucurbits (Ballantyne, 1975; 
Sitterly, 1978; Khan 1983, 1989). 
There are also records of co.nidial stage (anamorph) of 
powdery mildew fungi as Oidium sp. which indicates that the 
species involved could not be determined. 
The occurrence of E. £2!!!inHIli^  and E. E°lil2ll^ 3§. ^ "^  
cucurbits has been claimed but their taxonomy and 
nomenclature on cucurbits are doubtful and not recognised 
(Junell, 1965, 1967; Nagy, 1975). E. polyphaga was described 
from Germany (Hammarlund, 1945) and was claimed as a causal 
organism of cucurbit powdery mildew (Nagy, 1975). Nagy 
(1975), however, claimed that the denomination E^ polyphaga 
is not valid and, E_^  polyphaga may be recognised as 
E. cichoracearum. E. polygoni was claimed to occur on 
13 
cucurbits in Poland (Schroeter, 1893) and in Japan (Homma, 
1937). Since then, these records were not substantiated by 
any other report. Khan (1983) opined that these may be the 
cases of mistaken identity. S. fuliqinea, E. cichoracearum 
and L. taurica are well established causal species of the 
disease on cucurbits (Khan, 1983, 1989). 
Leveillula taurica 
The occurrence of L. taurica on cucurbits is reported 
only in a few countries. It is reported to infect some 
cucurbits in Kenya, Sudan, Libya, Senegal, Mozambique, 
U.S.S.R., Rumania, Bulgaria, France, Pakistan, Thailand, 
Turkey and India (Table 2). Tarr (1955) recognized L. taurica 
causing powdery mildew on Cucurbita maxima in Sudan. Golovin 
(1956) recorded Leveillula on vegetable marrow, cucumber and 
Cucurbita sp. in U.S.S.R., and proposed a new species, 
L. cucurbitacearum for the species infecting cucurbits while 
splitting L. taurica into different species for each host 
family. The splitting of L. taurica into different species 
according to host families has not received much recognition 
(Ballantyne, 1975; Khan 1983). Nasyrov (1962) also observed 
L. taurica on vegetable marrow in U.S.S.R. In Kenya, 
L. taurica was listed on cucumber (Anon., 1961). L. taurica 
was recorded on cucumber in Rumania (Docea and Fratila, 
14 
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1980). In other records, L. taurica was found associated with 
other cucurbit powdery mildew fungi. In U.S.S.R., Gordeeva 
(1961) and in Bulgaria, Elenkov et aj^. (1975) found 
L. taurica together with E. cichoracearum and S. fuliginea on 
greenhouse cucumbers. In recent years, El-Ammari and Khan 
(1983) reported occurrence of L. taurica on greenhouse 
cucumbers in Libya. Molot and Lecoq (1986) found L. taurica 
infecting cucurbits in France. 
Palti (1988) has listed Thailand, Mozambique, Turkey, 
and Pakistan among the countries where L. taurica was 
reported to infect cucurbits. In India, L. taurica in 
conidial stage was first reported from Jaipur in Rajasthan 
state (Mahrshi and Siradhana, 1980). Ullasa and Amin (1981) 
recognised its occurrence on squash along with S. fuliginea 
in Karnataka state. 
Erysiphe cichoracearum and Sphaerotheca Euliqinea 
Early European mycologists such as Leveille (1851), 
Passerini (1867), Fuckel (1869) and Jackzewski (1896) 
diagnosed the causal organism of powdery mildew of cucurbits 
as Sphaerotheca castegnei. Later, Humphrey (1892) and 
Schroeter (1893) in Europe identified it as Erysiphe 
cj,choracea£um and E. £OJ,Y22ni respectively. Salmon (1900) 
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observed the presence of teleomorph on Cucurbita pepo plants 
infected with powdery mildew fungus in which each ascus had 
two ascospores. This led Salmon to conclude that the causal 
organism of powdery mildew was E. cichoracearum rather than 
S. casteqnei. Later on, Salmon (1900) examined herbarium and 
exsiccati specimens, which had earlier been described as 
S. castegnei and observed that specimens lacked teleomorphs 
(perfect stage) and in each case the description was based on 
anamorphs (imperfect stage). This finding convinced him the 
correctness of his earlier identification and led him to 
remarlc, "It is ofcourse possible that more than one species 
of Erysiphe occur on these host plants, and it would be very 
interesting to note if any example that perithecia of 
Sphaerotheca really exists". This emphatic statement perhaps 
led to the belief that the powdery mildew disease on 
cucurbits is caused by E. cichoracearum. Consequently, 
E. cichoracearum came to be Icnown as the causal organism of 
the disease for long time almost throughout the world. 
In the Netherland prior to 1964, E. cichoracearum was 
believed to be the only causal organism of the disease. 
Dekkar (1961, 1963) reported that E. cichoracearum causes 
!rema powdery mildew on cucumbers in the country. In 1964, Boei 
and Van Kesteren (1964) identified powdery mildew of 
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cucumber, melon and gherkins as S. fuliginea, on the basis of 
anamorph characters, and doubted the reliability of record of 
E. cichoracearum on cucurbits in the Netherlands. Later, 
Kooistra (1968) also observed anamorph of S. fuliginea on 
cucumber. Teleomorph of S. luiisinea was recorded from 
Wageningen in the country (Anon., 1965). Recently, Schepers 
(1984), while studying the possible means of survival and 
dispersal of inoculum of powdery mildew of cucumbers 
recognised the pathogen as S. fuliginea. In Spain, 
S. fuliginea and E. cichoracearum are reported to occur on 
cucurbits where as in Portugal, it was recognised as Oidium 
sp. and in Cyprus as E. cichoracearum (Hirata, 1968). In 
Malta, E. cichoracearum was reported on cucumbers (Peralta, 
1946-47). 
In addition to L. taurica (Elenkov e_t aj^. 1975), both 
§• fuliginea and E. cichoracearum have been reported from 
Bulgaria (Tafradzhiiski, 1959, 1961, 1963, 1972; 
Lozanov and Vitanov, 1960) where the latter 
predominates. E. cichoracearum was earlier recognised as 
powdery mildew of cucurbits in Hungary (Ubrizsy, 1946). 
Studies of Nagy (1970, 1972) have undoubtedly established the 
existence of both E. cichoracearum and S. fuiiainea in 
Hungary. In addition to S. fuliginea recorded in perithecial 
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stage (Savulescu, 1929), L. tauri^ca is also reported to 
infect cucurbits in Romania (Docea and Fratilla, 1980). 
Reports of Glaeser (1970, 1973, 1974) claimed widespread 
occurrence of E. cichoracearum on cucumber in Austria. Zacha 
(1968) and Benada (1974) established S. fuliginea as the only 
causal organism of the disease on cucumber in Czeclcoslovalcia 
although E. cichoracearum was earlier claimed to exist on 
cucurbits. Lebeda (1983), however, identified E. cichora-
cearum and S. f ul iginea on cucurbits in Czeclcoslovalcia from 
their anamorphs. A recent report by Zlochova (1988) confirmed 
that the two species attack cucurbits in fields and 
glasshouse in the country, specially in Western Slovakia. 
In addition to L. taurica, S. ful iginea and 
E. cichoracearum occur on cucurbits in U.S.S.R. Both species 
were reported in perithecial stages on cucurbits by 
Deckenback and Koreneff (1927) from Crimea. Since then a 
number of reports have indicated the existence of both the 
pathogens in U.S.S.R. In some regions of the country 
§• lliiiainea is reported to be confined whereas E, 
ci,choracear;um in other parts. In Moldavia, Armenia, Volga 
Basin, Crimea, Azerbaijan, Astrakhan and Bylorussia regions, 
existence of both the species has been recorded (Rodigin 
1936; Deckenback and Koreneff, 1927; Ragimov, 1961; 
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Taklt h. fteperti ef •corrtnct of powdery Bildev of cucuri^its in different countriof of the vorld. 
Country 
EUMPE 
The NetherUnd (2)« 
Nalta (1) 
Bulgaria (3) 
Hungary (2) 
Rounia (2) 
Austria (2) 
Czeckoslovakia (2) 
East Genumy (2) 
Causal organise 
1. S. fuliainea 
2. E. 0choracearui 
E. cichoracearui 
1. S. fulioinea 
2. E. cichoracearu* 
3. L. taurica 
1. E. cicboracear4» 
2. S. fulioinea 
1. S. fuliainea 
2. k. t^ iir^ ca 
1. E. cichoracearui 
2. S. fulioinea 
1. E. cichoracearui 
2. S. fuliainea 
1. E. cichoracearuk 
2. S. fuliainea 
Reference 
Dekkar (1961, 1763) 
BoereM and Van Kestercn 
(1964) 
Kooistra (1968) 
Anon.(1963) 
Schepers (1984) 
Peralta (1946-47) 
Tafradzbiiski (1959.1961 
1963,1972) 
Elenkov et j \ . (1975) 
Lozanov and Vitanov 
(1970) 
Angelov (1979) 
Ubrizsy (1946) 
Nagy (1970, 1972) 
Savaleicu (1929) 
Docea and Fratila 
(1980) 
Glaeser (1970,1973,1974) 
Auno (1986) 
Zacha (1968) 
Benada (1974) 
Lebeda (1983a, 1983b, 
1984) 
Zlochova (1988) 
Roder (1936) 
Janke el al. (1977) 
Species recorded 
E. cichoracearui 
S. fuli«tnea 
S. fulioinea 
S. fuliainea 
S. fuliainea 
E. cichoracearui 
S. fuliainea 
E. cichoracearui 
L. taurica 
S. fuliainea 
S. fulioinea 
E. cichoracearui 
S. fuliainea 
E. cichoracearui 
E. cicboracearuB 
S. fuliainea 
S. fulioinea 
L. taurica 
E. cichoracearui 
S. fuliainea 
S. fuliainea 
S. fuliainea 
E. cichoracearui 
S. fuliainea 
E. cichoracearui 
S. fuliainea 
E. cichoracearui 
E. cichoracearw 
S. fuliainea 
Identification 
basis 
Anaiorphs 
AnaMrphs 
Anaaorpbs 
Teleiorptis 
AnaMrphs 
AnaMrphs 
Anaiorphs 
AnaMrphs 
AnaMrphs 
AnaMrphs 
AnaMrphs 
AnaMrphs and 
teleoMrphs 
TeleoMrphs 
AnaMrphs 
AnaMrphs 
AnaMrphs 
^biaMrphs 
AnaMrphs 
AnaMrphs 
AnaMrphs 
TeleoMrphs 
Anaiorphs 
contd.. 
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Table 6 Contd... 
Mest Gcriany (Z) 
(F.R.6.) 
United KingdM (2) 
Switzerland (3) 
France (3) 
Italy (2) 
Norway (1) 
Sweden (1) 
OenMrIc (1) 
Vugoslavia (1) 
Finland (2) 
1. E. 
2. i. 
1. E. 
2. S. 
1. E. 
2. i. 
3. E. 
1. E. 
2. S. 
3. L. 
cichoracearui 
fulioinea 
cichoracearui 
fulioinea 
cichoracearui 
fulioinea 
Dolyphaoa 
cichoracearui 
fulioinea 
taurica 
E. cichoracearui 
S. fulioinca 
E. cichoracearu* 
E. cichoracearui 
E. cichoracearia 
E. cicHoraceariB 
1. E. 1 
2. S. i 
cichoracearui 
fulioinea 
Cruger and Heyer (1976) 
Breier (1940) 
Huttenback (1951) 
Schlosser (1772,197&a, 
1976b) 
Salion (1900) 
Reed (1936) 
UilliMS (1941) 
Keyworth 1959) 
Stone (1959) 
Zaracovitis (1965) 
Hayor (1947) 
teano (1986) 
Blimr (1951, 1960) 
Viennot Bourgin (195ft) 
Lafon et al. (1966) 
Landal (1961) 
nolot and Lecog (19S6) 
Harcelli (1949) 
Locci and Bisiach (1972) 
Bluier (1933) 
Branzanti and Brunelli 
(1987) 
Gjaerui (1956) 
Banga (1956) 
Junell (1967) 
Hi rata (1966) 
Ristic (1985) 
Awno 1986 
E. cichoracearui 
S. fttllQinea 
E. cichoracearui 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
E. cichoracearui 
E. cichoracearui 
E. cichoracearui 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
§. fulioinea 
E. polyphaoa 
E. cichoracearui 
E. cichoracearui 
E. cichoracearui 
E. cichoracearui 
S. fulioinea 
L. taurica 
E. cichoracearui 
S. fulioinea 
S. fulioinea 
S. fulioinea 
E. cichoracearui 
S. fulioinea 
|. cichoracearui 
!• cichoracearui 
|. cichoracearui 
g. cichoracearui 
!• cichoracearui 
S. fulioinea 
Anaiorpht 
Anaiorphs 
Anaiorphs 
Anaaorphs and 
Teleoiorphs 
Teleoiorphs 
AnaMrphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Teleoiorphs 
Teleoiorpbs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Teleoiorphs 
Anaiorphs 
|. cichoracearui Anaiorphs 
Anaiorphs 
Teleoiorphs 
Anaiorphs 
Teleoiorphs 
Anaiorphs 
contd.. 
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Table 6 Contd... 
NORTH MOICA 
U.S.A. (2) 
Canada (2) 
1. E. cichoracearua 
2. S. fuliainea 
1. E. Lichoracearia 
2. §. fjilifinea 
Hwphries (1892) 
Reed (1908) 
Jagger (1926) 
%. cichoracearin 
.^ cithoraccarw 
E. cichoraccariM 
Randall and Henzies (1956)E. cichoraccfna 
Kable and Ballantyne 
(1963) 
Yarvood and Gardner 
(1964) 
Schroder and Prevvident 
(1968) 
Paulus (1969) 
Paulus et a^. (1972) 
Clark (1975) 
Pohronezny (1986) 
Hiddleton and Yarvood 
(1946) 
Sovell and Clark (1971) 
Clark (1975) 
KonUxis (1977,1979) 
Grand (1987a, 1987b) 
Nckeen (1954) 
Fischer (1959) 
Brady and Fischer (1963) 
Conners (1967) 
Paraelee (1977) 
Jarvis and Slingsby 
(1984) 
S. fulioinea 
$. fulioinea 
i S. fulioinea 
S. fulioinea 
.^ fulioinea 
S. fulioinea 
f. (ifl^frfcffrip 
E. tithoratcaru* 
.^ fulioinea 
S. f^lioinea 
S. fulioinea 
S. fuliainea 
E. cichoracearuB 
E. cicboracear^ 
E. cicheracearuB 
E. cichoracearifii 
S. fulioinea 
S. fulioinea 
TeleoMrphs 
TeleoMrphs 
TeleoMrphs 
TeleoMrphs 
Anaiorphs 
AnaMrphs 
Anaaorphs 
AnaMrphs 
AnaMrphs 
Anaaorphs 
AnaMrphs 
AnaMrphs 
AnaMrphs 
AnaMrphs and 
TeleoMrphs 
TeleoMrphs 
and AnaMrphs 
TeliOMrph 
AnaMrphs 
AnaMrphs 
AnaMrphs 
TeleoMrphs 
and AnaMrphs 
TeleoMrphs' 
aVlHAIERICA 
Brazil (2) 
Bolivia (1) 
Venezuela (1) 
Uruguay (1) 
Argentina (2) 
1- £• cJchoraceariM 
2. S. fulioinea 
| . Cichorafana 
E. cichorat»ari« 
| . Cichor^fanm 
'^ S. foJioinM 
Rochelle (1972) E. cichoratearu^ 
ReifSchneider et al.(1985)S. fulioinea 
Bell and Allandia 
(1959) 
Khan (1983) 
Khan (1983) 
Kazzanti Oe Castanon 
et al. (1987) 
E. cicheracearua 
E. Cichoracearua 
E. cichoracearuB 
S. fulioinea 
Anaaorphs 
AnaMrphs 
Anaaorphs 
AnaMrphs 
AnaMrphs 
Anaaorphs 
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Table b Contd... 
Peru (1) 
AFRICA 
South Africa (2) 
Egypl (Z) 
Kenya (2) 
Sudan (2) 
Libya <3) 
Hozaabique (2) 
Malawi (1) 
PACIFIC 
Japan (2) 
Australia (2) 
2. E. cichoratearua 
E. cichoracearui 
1. E. cichoracearu* 
2. S. fulioinea 
1. E. cichoracearm 
2. S. fuliainea 
1. L. taurica 
2. E. tichoracearu* 
1. S. fulioinea 
2. L. taurica 
1. E. cichoracearui 
2. S. fulioinea 
3. L. taurica 
1. E. cichoracearui 
2. L. taurica 
S. fuliainea 
1. E. cichoracearui 
2. S. fulioinea 
1. E. cichoracearui 
2. S. fulioinea 
teano (1986) 
Hont and Villon (1975) 
Du Toit (1948) 
QoTltr (1966, 1974) 
S. fulioinea 
.^ cichoracearui 
E. cichoracearui 
E. cichoracearui 
S. fulioinea 
Fikry (1936) E. cichoracearui 
Hoursi and Sirry (1956) E. cichoracearui 
Elarosi and Uastly (1971) £. cichoracearui 
Khadr and Abdu (1972) E. cichoracearui 
El-Kazzaz (19S3) 
Anon (1961) 
teano (1986) 
Tarr (1952, 1955) 
Nour (1957, 1959) 
Oier (1972) 
Kranz (1962) 
Pucci (1963) 
Khan (1981) 
El-Aiiari and Khan 
(1983, 1987) 
De Carvalho (1948) 
Palti (1988) 
Spurling (1973) 
Uozuii and Yoshi (1952) 
Katushuki (1955) 
NoMra (1974) 
Blackford (1943) 
Clare (1958) 
HcNish (1967) 
Ballantyne (1963,1975) 
S. fulioinea 
L. taurica 
L. taurica 
E. cichoracearui 
S. fulioinea 
L. taurica 
S. fulioinea 
S. fulioinea 
E. cichoracearui 
E. cichoracearui 
S. fulioinea 
S. fulioinea 
[,. taurica 
E. cichoracearui 
E. cichoracearui 
L. taurica 
S. fulioinea 
S> fulioinea 
S. fulioinea 
E. cichoracearui 
S* fulioinea 
E. cichoracearui 
S. fulioinea 
S. fulioinea 
S. fuli(finea 
Anaiorphi 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs and 
teleoMrphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
TeleoMrphs 
TeleoMrphs 
TeleoMrphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
contd.. 
24 
Table b Contd... 
N M Zealand (2) 
TaiMn (ForMsa)(1) 
ASIA 
India (3) 
Turkey (2) 
Malaysia and 
Singapore (1) 
Israel (2) 
1. S. fulioinea 
2. E. cichoracearw 
?. tuli<|inea 
1. E. £ithoracearut 
2. ;. fuliainea 
3. I,. \§iiiriu 
.^ fulioinea 
L. taurica 
E. cichoracearw 
1. S. fuliainea 
2. E. cichoracearui 
Dingley (19S7) 
Beesewinkel (1976, 1960) 
Hoshioka (1937) 
Savada (1959) 
Butler (1918) 
Rajandran (19») 
Sohi and Nayar (1969) 
Khan and Khan (1970) 
Dava si jl. (1971) 
Siradhana and Chaudhari 
(1972) 
Kbosla et al. (1974) 
Khan ei il. (1972) 
Halik et al. (1973) 
Sharia (1972,1973) 
Kulkarni and Hois (1976) 
Khan (1976,1977) 
Ullasa el 4I. (1979) 
Ullasa and Aiin (1981) 
Hahrshi and Siradhana 
(19W1 
Kaur and Jhooty (1985, 
1986) 
BreMr et al. (1947) 
Palti (1988) 
Thoapson (1933) 
Rayss (1947) 
Palti (1961, 1971) 
Rudicb et al. (1969) 
Reichert et il. (1943) 
Peleg (1953) 
£f. fulioinea 
S. fuliainea 
S. fuliainea 
S. fuliainea 
E. cichoracearui 
?. fulioinea 
£. 09l^flf#teari|| 
s. ^^^^\m 
g. mi\m 
E. dchoraciarui 
S. fuliainea 
S. fuliainea 
E. cichoracearui 
E. cichoracearui 
E. cichoracearui 
S. fuliainea 
E. cichoracearui 
E. cichoracearui 
5. fuliainea 
E. cichoracearui 
E. cichoracearui 
S. fuliainea 
S. fuliainea 
L. taurica 
L. taurica 
S. fuliainea 
S. fulioinea 
L. taurica 
E. cichoracearui 
S. fuliqinef 
S. fuliainea 
S. fulit^inea 
E. cichoracearui 
E. cichoracearui 
Anaiorphs 
Teleoiorphs 
and Anaiorphs 
Anaiorphs 
Anaiorphs 
Teleoiorphs 
Teleoiorphs 
Teleoiorphs 
Teleoiorphs 
Teleoiorphs 
Teleoiorpht 
Teleoiorphs 
Teleoiorphs 
Teleoiorphs 
Teleoiorphs 
Teleoiorphs 
Teleoiorphs 
Anaiorphs and 
Teleoiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Teleoiorphs 
Anaiorphs 
Teleoiorphs 
Teleoiorphs 
Teleoiorphs 
Anaiorphs 
Teleoiorphs 
Anaiorphs 
contd.. 
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Tabic h Conld... 
Saudi Arabia (2) 
Iran (1) 
lu«» (W 
China (2) 
Thailand (1) 
Pakistan (Z) 
U.S.S.R. (3) 
1. C. cichoracearui 
?. S. fulioinea 
S. /ifliainea 
E. cithorawarua 
l.S. fuliainea 
2.E. cichoracearui 
L. laurica 
S. fuliqinea 
L* taurica 
1. E. cichoracearui 
2. S. fulifinea 
3. L. taurica 
Anon (1967) 
Abul-Hayja and Trabulsi 
(19S1> 
Esfandiari (1947) 
Allison (1952) 
Chin et al. (1959) 
Zheng ei al. (1959) 
Auno (1986) 
Palti (1988) 
Khan (1983) 
Palti (1988) 
Deckenback and 
Korenoff (1927) 
(M>rdeeva (1961) 
(Mlovin (1956) 
Rodigin (1936) 
Ragitov (1961) 
Mikiforova (1962) 
Teterevnikov-Babay-
an and Siionyan (1956) 
Dorozhkin and Kapelyan 
(1975) 
Bychenko (1971) 
Hedvendev (1974) 
BaiMratora (1961) 
Osnitskaya (1959) 
Voronina (1976) 
E. cichoracearui 
S. fulioinea 
S. fulioinea 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
.^ fulioinea 
E. cichoracearui 
L. taurica 
S. fulioinea 
L. taurica 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
L. taurica 
L. taurica 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
S. fulioinea 
E. cichoracearui 
S. fulioinea 
S. fulioinea 
S. fulioinea 
S. fulioinea 
E. cichoracearui 
Teleoiorphs 
Teleoiorphs 
Teleoiorpfcs 
Anaiorphs 
Teleoiorphs 
Anaiorphs 
Teleoiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Anaiorphs 
Teleoiorphs 
Anaiorphs 
Anaiorphs 
Teleoiorphs 
TeleoMrphs 
Teleoiorphs 
Teleoiorphs 
Teleoiorphs 
TclcoMrphs 
Teleoiorphs 
Anaiorphs and 
Teleoiorphs 
Anaiorphs and 
Teleoiorphs 
Anaiorphs 
• Nmber of species reported to infect cucurbits in the country. 
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Nikiforova 1962; Teterevnikova-Babayan and Simonyan, 1956; 
Dorozhkin and Kapelyan, 1975). Simonyan (1959) recognised the 
causal organism of powdery mildew, of cucurbits as a 
subspecies of E- £i2.ho£acear;um, E. 2i2.!l2£3.2£§.£Hni f^sp. 
cucurbitacearum. Rudenko (1968) reported that in Moldavian 
conditions E. cichoracearum f. sp. cucurbitacearum attacks 
all cucurbits and S. f ul iginea f. sp. cucurbitacearuni infects 
cucumber, marrow, pumpkin and muskmelon and both organisms 
overwinter as cleistocarps and produce perithecia annually 
on a number of cucurbits. Bychenko (1971), Medvendev (1974) 
and Voronina (1976) have also confirmed the existence of both 
organisms on cucurbits in U.S.S.R. from Krasnodar region. 
Baimuratora (1961) identified the powdery mildew of 
cucurbits from Golodnaya steppe as S. fuliginea. Osnitskaya 
(1959) also determined S. f.Hl.i3ill£§. ^^ causal agent of 
cucurbit powdery mildew near Moscow. Misiga (1966), however, 
identified powdery mildew on cucumber from Brastilava 
as E_^  polyphaga. 
In East Germany, Roder (1936) reported the occurrence of 
E. cichoracearum on outdoor cucumbers near Berlin. Janke e^ 
al^  (1972) identified powdery mildew species as S. iHliEiH^^ 
and E. cichoracearum on cucurbits in East Germany (G.D.K.). 
Bremer (1940) recognised E. cichoracearum as the agent of 
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cucumber mildew in central Germany. Huttenbach (1951), for 
the first time, indicated the existence oE S. fuliginea and 
E. cichoracearum in West Germany. He, however, emphasized 
the predominance of E. cichoracearum. The recent observation 
of E. cichoracearum in perithecial stage and S. fuliginea in 
conidial stage concomitantly on cucumbers by Schlosser (1972) 
near Bonn confirmed the existence of both organisms in West 
Germany. Schlosser (1976a, 1976b) based on a survey of the 
distribution of S. f uliginea and E. cichoracearum in the 
Federal Republic of Germany (West Germany) reported that 
S. fuliginea prevailed in glasshouse conditions on cucumber, 
and E. cichoracearum under field conditions. Cruger and Meyer 
(1976) observed the both powdery mildew agents on cucurbits. 
They also noted that E. cj^choracearum was found only in 
outdoor conditions while S. fuliginea on both outdoor and 
glasshouse. 
After Salmon's observation of perithecia of E. 
£i£h2I§.£§3.£Mni in 1898, Reed (1936) and Williams (1941) 
confirmed it as the causal organism of cucumber mildew in 
England. Keyworth (1959) also recorded its occurrence on 
cucumber and vegetable marrow; and Stone (1959) on cucumber. 
Zaracovitis (1965), however, in his studies on conidial 
characters, identified powdery mildew on cucumber collected 
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from Berkshire as S. luli^inea. A recent report also 
indicated its existence on cucumber in U.K. (Spencer et^  al^ . 
1975). E. ci.cho£acea£urn is reported to infect cucurbits 
particularly vegetable marrow in Switzerland (Mayor, 1^47). 
Besides, S. fuliginea is also known to exist in Switzerland 
(Amano, 1986). Blumer (1951, 1960), however, claimed 
that E. polyphaga also infects cucumber in Switzerland. In 
France, Viennot-Bourgin (1958) recorded E. cichoracearum on 
Cucumis melo and C. sativus in perithecial stage. Lafon et, a.j^. 
(1966) identified E. cichoracearum f. cucurbi^_tae as the 
organism responsible for the disease in France. Landal (1961) 
has also described it as E. cichoyacearum. Recently, Molot 
and Lecoq (1986) recognised three species, S. fuliginea, 
E. cichoracearum and L. taurica on cucurbits the first two 
were claimed to be of major economic importance in France. 
Marcelli (1949) observed both E. cichoracearum and 
S- I.!iii2.ill§§. °^ cucurbits in Italy, S. Iuii2ill§.^ being 
widespread and E. cichoracearum only on Cucurbita maxima. 
Locci and Bisiach (1972) also observed S. f.iili3.iliea on 
cucumber in Italy. Perithecial stage of S. fuliginea from 
Turin, Italy is also on record (Blumer, 1983). Recent studies 
of Brunelli and Branzanti (1987) on symptoms, damage and 
epidemiology also indicated the occurrence of both the 
species on cucurbits in Italy. 
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Gjaerum (1956) referred E. cichoracearum on greenhouse 
cucumber in Norway. E. cichoracearum is reported as causal 
species in Sweden (Banga 1956) and Denmark (Amano, 1986). 
Junell (1967) obtained perithecial stage of E. cichoracearum 
in Sweden. Ristic (1985) observed that both the upper and 
lower surface of leaves of cucumber were attacked. The 
pathogen often appeared on leaves or the stem. Teleomorphs 
were rarely formed, usually had 2-3 asci each generally with 
2 ascospores indicating involvement of E. cichoracearum in 
Yugoslavia. S. fuliginea and E. cichoracearum are listed to 
occur on cucurbits in Finland (Hirata 1968; Khan 1983, Amano, 
1986). 
In U.S.A. till 1963 in all reports, the disease on 
cucurbits was assigned to E. cichoracearum. Perithecia 
of E. c j^cho^acea r;um .were recorded on cucurbits from 
Massachusetts and Wisconsin by Humphries (1892) and Reed 
(1908) respectively. Jagger (1926) identified the powery 
mildew of muskmelon in the Imperial Valley of California as 
E. cichoracearum. Middleton and Yarwood (1946) observed the 
appearance of E. cichoracearum on melons in California; 
Barrat (1942) at the New Hampshire Horticulture farm; Pryor 
and Whittaker (1942) at the U.S. Horticulture Field Station, 
Lajolla, California; Walker and Weber (1949) and Conover 
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(1957) in Florida; and Ivonoff (1957) in Mississippi. 
Blasquez (1970) and Jones (1974) recorded E. cichoracearum on 
cucurbits in Florida. Randall and Menzies (1956) recorded 
perithecia of E. cichoracearum for the first time in recent 
times, on cucumbers in the Yakima Valley, Washington in 1954. 
Kable and Ballantyne (1963) for the first time in U.S.A. 
identified the powdery mildew of cucurbits in Ithaca 
district, New York state on the basis of conidial characters 
as S. f ul iginea and claimed that this may be prevalent in 
other areas of the country. Yarwood and Gardner (1964) a year 
later, recognised that in California the powdery mildew on 
cucurbits was S. ful iginea. Since then a number of reports 
indicated the existence at S. |.u2^ j^ 2_i^ nea. on cucurbits .in 
conidial stage in different part of U.S.A. Ellert (1966) 
obtained Oidium sp. resembling S. fuliginea. Schroeter and 
Provvidenti (1968) observed S. f.yli3.iliea on squash and 
cucumber at the New York State Agriculture Experiment 
Station. Paulus (1969) and Paulus et^  aj^  (1972) also observed 
§• fuliginea on cantaloupe at the University of California, 
Riverside and Lajolla, Califorrtia. S. fuliginea was found on 
cucurbits in Georgia (Sowell and Clark, 1971; Iowa (Clark, 
1975); and Wisconsin (Shanmugasundarum et aj^ . 1971). All 
these identifications were based on anamorph characters. 
Kontaxis (1977) reported the anamorphs of S. fuliginea on 
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fruits of watermelon and leaves of muskmelon and cucumber. In 
l579, for the first time in U.S.A., he found teleomorphs of 
S. fuliginea on squash (Kontaxis, 1979). This substantiated 
the earlier reports of occurrence of S. fuliginea in U.S.A. 
He remarked that the causal agent for the powdery mildew of 
squash, probably all cucurbits in California and possibly in 
the United States was S. fuliginea and not E. cichoracearum. 
Recently, Grand (1987a, 1987b) found teleomorphs of 
S- fuliginea on melon, squash and Lagenaria siceraria in at 
Raleigh, North Carolina. 
Early reports from Canada identify E. cichoracearum as 
causal organism of powdery mildew on cucurbits (Mckeen 1954; 
Fischer, 1959; Brady and Fischer, 1963). Powdery mildew on 
greenhouse cucumber in Essex county, Ontario was 
listed as E. cichoracearum in the report of the Ministry of 
Agriculture for the year 1953. Conners (1967) also reported 
E. cichoracearum on cucurbits in Canada. Recently, Jarvis and 
Slingsby (1984) reported the occurrence of S. fuliginea on 
cucurbits for the first time in Canada. They observed its 
teleomorphs on Cucumis sativus. 
In South American countries like in other parts of the 
world, E. cichoracearum was traditionally recognised as the 
causal organism of the disease. A Bolivian list of diseases 
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of temperate crops, included E. cichoracearum on cucurbits 
(Bell and Alandia, 1957). Revilla (1955) had also mentioned 
the powdery mildew of melon, pumpkin and cucumbers as 
E. cichoracearum. In Brazil, Rochelle (1972) reported the 
occurrence of E. cichoracearum on squash and marrow. But a 
recent study by ReifSchneider et^  aL (1985) has shown 
that S. luiiainii ^s only the causal organism of melon 
powdery mildew in Brazil and not E. 2i£il2£§.£§§:£.H!Il *^ 
previously reported. E. cichoracearum was also recognised as 
causal organism of the disease in Venezuela and Uruguay. 
Mazzanti De Castanon e_t al. (1987) on the basis of anamorphs 
characters causing powdery mildew identified S. fuliginea on 
£it£HilHI. ZHl3.5.£i§.' Cucumi_s mel^o, C. satj.vus Lag^enarj^a 
siceraria and Cucurbita spp. in Argentia. Powdery mildew of 
C. melo in Peru was recognised by Mont and Villon (1975) as 
^* 2i£ll2£32£3,£H!I! • There appears to be no report of 
teleomorphs of E. cichoracearum or S. fuliginea appearing on 
cucurbits from any country in South America. Possibly no 
attempt has been made to identify the causal organism taking 
into consideration the divergence of S. fuliginea as dominant 
species in many different parts of the world. 
Although Du Toit (1948) had earlier reported that 
cucurbits in the Western and South Western Cape Province of 
south Africa suffer from powdery mildew caused 
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by E. cichoracearum, Gorter (1974) established the existence 
of S. £uliqinea in the country. In Egypt, powdery mildew o£ 
cucurbits was referred to as E. cichoracearum (Fikry, 1936; 
Moursi and Sirry 1956; Elarosi and Wasfly, 1971). Similar 
observations were made by Khadr and Abdu (1972) in Giza. 
Recently, El-Kazzaz (1983) surveyed various parts of Egypt 
and noted the presence of S. fuliginea on the basis of 
anamorph characters, specially the presence of fibrosin 
bodies in conidia. In Sudan, Tarr (1952, 1954) reported 
widespread occurrence of S. fuliginea alongwith L. taurica on 
cucurbits and other vegetables. Later, Nour (1957, 1959) also 
recorded the presence of S. fuliginea on vegetable marrow, 
pumplcin, cucumber and melon. He further pointed out the 
prevalence of this fungus in the fields during winter in 
Sudan. Omer (1972) has also obtained conidial stage 
of S. fuliginea on cucumbers in Sudan. 
In Libya alongwith L. taurica, both E. cichoracearum and 
S. fuliginea are reported to infect cucurbits. Pucci (1965) 
regarded powdery mildew on watermelon in the country 
as E. cichoracearum. Kranz (1962) also recognised powdery 
mildew on certain cucurbits in the Eastern region of the 
country, Cyrenaica, as E. cichoracearum. Khan (1981), for the 
first time, recognised the occurrence of S. fuliginea in 
conidial stage on cucumbers in the country. Later, its 
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perfect stage was found on C^ 2§22 (El-Ammari and Khan, 
1985). However, E. cichoracearum was also recognised to occur 
on greenhouse cucumbers in Benghazi area (El-Ammari and Khan, 
1987). Teleomorphs of E. cichoracearum were, however, not 
found. A Kenya Annual Report, Department of Agriculture 1958 
enlisted E. cichoracearum as an agent continuously hampering 
the cultivation of cucurbits (Hirata, 1968). S. fuliginea has 
been recognised to cause problems to vegetable crops in 
Malawi (Spurling, 1973). Morocco, Ethiopia, Senegal, Uganda, 
Tanzania, Zambia, Zimbabwe, Madagascar and Mauritius are 
enlisted to have E. ciclioracearum on cucurbits, whereas 
Ghana, Tunisia, Sierra Leone and Canary Island are known to 
have Oidium sp. (Amano, 1986). Khan (1983) remarked that 
perhaps recognition of E. cichoracearum in these countries is 
based on tradition belief rather than proper investigations. 
In Australia, Blackford (1943) reported the occurrence 
of E. cichoracearum on cucumbers in Queensland. Agriculture 
Gazette of the New South Wales (1948) also recognised 
E. cichoracearum as cucurbit powdery mildew. Later, Clare 
(1958) identified the powdery mildew of a number of cucurbits 
in South Eastern Queensland as S. luj,j^ aiH®§• Ballantyne 
(1963) successfully employed the conidial characters in 
identifications, and established S. fuliginea as the only 
causal organism of cucurbit powdery mildew in New South 
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Wales. McNish (1967) also recorded the widespread occurrence 
of S. fuliginea on cucurbits in Western Australia. Ballantyne 
(1975) after an extensive study of powdery mildew collection 
made in New South Wales on numerous cucurbits established the 
existence and predominance of S. fuliginea in Australia. The 
existence of S. fuliginea in New Zealand has been established 
by the occurrence of its teleomorphs on C. pepo (Dingley, 
1959, Boesewinkel, 1976). 
In several Asian countries, it was believed that 
5- cichoracearum is responsible for the disease. However, 
now there are also reports of S. f ul iqinea from many. In 
Turkey, Bremer et aj^ . (1947) reported S. Iuli3.iiiea i-n 
perithecial stage on three cucurbits. In Iran, S. fuliginea 
has been claimed to exist on all .cucurbits in subtropical 
regions of the northern part of the country (Esfandiari, 
1947). Allison (1952) identified E. cichoracearum as powdery 
mildew of cucurbits in Iraq. E. cichoracearum was claimed to 
exist on cucurbits in Saudi Arabia (Anon., 1976). However, 
Abul-Hayja and Trabulsi (1981) observed perithecia 
(teleomorphs) of S. fuliginea on squash and cucumber and 
claimed that probably all cucurbits in Saudi Arabia are 
infected by S. ful iginea and not by E. cichoracearum. In 
Israel, Rayss (1947), Palti (1962) and Rudich et aj,. (1969) 
recognised S. fuliginea on cucurbits although earlier reports 
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of powdery mildew on cucumber and vegetable marrow by 
Reichert et^  a]^. (1943) from Palestine and of cucumbers and 
melons by Peleg (1953) had recognised it as E. cichoracearum. 
Thompson (1933) recorded E. cichoracearutn on cucurbits in 
Malaysia and Singapore. Chin et^  aj^. (1959) from China 
diagnosed powdery mildew of cucumbers as S. |.Hii3iGl£' 
Hashio)ca (1937) and Sawada (1959) also recognised 
§• f'Jliginea as the agent of the disease in Formosa (Taiwan). 
In Japan, Uozumi and Yoshi (1952) emphatically recognised 
S. fuliginea as the only pathogen causing powdery mildew of 
cucurbits in Fukuoka region of Japan. They also observed 
occasional production of perithecia. Katusuki (1955) also 
identified S. fuliqinea on cucumbers in Yaku Island, Kysushu, 
Japan. A ifeport by Nomura (1974), however, indicated the 
existence of both S. ful iginea and E. cichoracearum in the 
country. 
?• £i£ll2£§.2§^ £y.ni is mentioned to occur in Nepal, 
Afghanistan, Lebanon and Jordan whereas S. lliliailisa. is 
recognised in Pakistan. Both species are, however, known to 
occur in Korea (Amano, 1986). Powdery mildew of cucurbits in 
Philippines, Indonesia, Thailand, Cambodia, Burma and Ceylon 
is referred to as Oidj.um sp. (Amano, 1986), perhaps due to 
the lack of proper investigations in these countries. 
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S. fuliqinea and E. cichoracearum are reported to infect 
cucurbits in different States of India. Butler (1918) 
reported E. c i.choracea£uni on C. co£d_if^ o^ i^ a (=Cephandra 
indica), Trichosanthes dioica and Momordica balsamina from 
the state of Bihar. He found perithecia of E. cichoracearum 
on the cucurbits. Khan (1977) on the basis of anamorph and 
teleomorph characters identified S. fuliginea on a number of 
cucurbits and E. cichoracearum on C. grandis (=C. cordifolia) 
in Bihar state. Jhooty (1967) recognised the occurrence 
of S. lMli2ill§§. °^ cucurbits in Punjab state. His 
identification was based on conidial characters. Sohi and 
Nayar (1969) found teleomorph of g. fuliginea on C. moschata 
in State of Himachal Pradesh. Khan et^  aU (1974) recognised S. 
fuliginea occurring on a number of cucurbits in the state of 
Jammu and Kashmir. The pathogen produced its teleomorph on 
some of the cucurbits. Dave e^ aj^ . (1971) and Khosla et^  aj^ . 
(1974) recorded E. cichoracearum and S. fuliginea occurring 
on cucurbits in the state of Madhya Pradesh. They found 
teleomorphs of the species. Siradhana and Chaudhari (1972) 
reported the occurrence of S. fuliginea and E. cichoracearum 
on cucurbits in the state of Rajasthan, based on teleomorph 
characters. Malilc et aU(1973) identified E. cichoracearum on 
ashgourd, Benj,nca^ a hispida from Udaipur (Rajasthan). Butler 
(1918), Khan and Khan (1970), Khan et al. (1971), Sharma 
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IMt f. lifwU If KornKt tf pMiny HIAM Uts i> iirtmit sUtn if I i ^ . 
suu Causal ipeciis Reference Species recorded 
Identification 
basis 
Assai (1)« 
Bihar (2) 
1. S. fulioinea Shivakaii el al. 1972 S. fuliflinea Anawrphs 
1. §. fuliflinea Butler, 1918 
2. §. cichoracearui Khan, 197i,1977 
|. yichoracearui 
E. cichoracearui 
S. fulioinea 
HiMchal Pradesh g. fulioinea 
(1) 
I Kashair 1. §• fulioinea 
(2) 2. E. tichoratearm 
Kamataka (3) 1. g . fuliflinea 
2. g. cichoracearui 
3. ^. taurica 
Hadbya Pradesh 1. E. cichoracearui 
(2) 2. S. fuliflinea 
Haharashtra (1) 1. g. cichoracearui 
Punjab (1) 1. S. fuliflinea 
Soki and Nayar, 1969 S. fuliflinea 
Butler, 191B 
Khanet jl., 1972 
Sharia, 1978 
Rajendran, 19&S 
Ullasa s i i l . 1979 
UUasa and tain, 1981 
Dave el j l . 1971 
Khoslasii l . , 1974 
S. fulioinea 
s. HMm 
S. fuliflinea 
E. cichoracearui 
§. Misisy 
L taurica 
§. fulioinea 
g. cichoracearui 
Jhooty 1969 
Kaur and Jhooty,1985, 
1986 
S. fuliflinea 
§. fuliflinea 
Teleowirphs 
Teleoiorphs 
and Anaiorphs 
TeleoMrphs 
Teleoiorphs 
TeleoMrphs 
and Anaiorphs 
Teleoiorphs 
and Anaiorphs 
Teleoiorphs 
Anaiorphs 
Anaiorphs 
TeleoMrphs 
Teleoiorphs 
Kulkarni and Hois 1976 g. cichoracearui Teltoiorphs 
Anaiorphs 
Anaiorphs 
Rajasthan (3) 1. S. fuliflinea 
2. g. cichoracearui 
3. [. taurica 
Siradhana and 
Chaudhari, 1972 
Halik ciil.. 1973 
Hahrshi and Siradhana, 
1980 
g. cichoracearui 
g. fulioinea 
g. qyhpr^^farui 
L taurica 
Teleoiorphs 
TeleoMrphs 
AnaMrphs 
IMion territory 1. S. fuliflinea 
of Delhi (1) 
^ivakaii et al . , 1972 g. fulioinea AnaMrphs 
Uttar Pradesh 1. g. fuliflinea 
2. E. cichoracearui 
Butler, 1918 
Khan and Khan, 1970 
Khan el al., 1971, 1974 
Sharia, 1972, 1973 
g. fuliflinea 
g. cichoracearui 
S. fuliflinea 
g. cichoracearui 
S. fulioinea 
g. fuliflinea 
g. cichoracearui 
TeleoMrphs 
TeleoMrphs 
TeleoMrphs 
TeleoMrphs 
« Nuiber of species reported to infect cucurbits. 
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TakU 10. Ricirlfl tf tccirrMci of i^c i i i of povitry l i l^M M cacirbit !• difftrnt 
afrrtnltficil ZMH if biia. 
Atro-ecological zones Included area of the States Species 
in the Zone 
I . Hiaid Western HiMlayan 
Region 
Jaomi and Kashiir, Hiaachal 
Pradesh, H i l l divisions of U.P. 
( i .e . KuMon and Garhtnl) 
§. fulioinea 
E. cichoracearw 
II. Hwid Bengal-Assai Basin 
III. Hiaid Eastern HiMlayan Region 
and Bay Icelands 
Uest Bengal. Assai 
Arunachal Pradesh, Nagaland, 
Hanipur, Hizorai, Tripura, 
Heghalaya, Andaian and Nicobar 
Islands. 
S. fulioinea 
IV. Subhuiid SutleJ-Ganga Alluvial 
Plains 
V. Subbuiid to Huiid Eastern and 
South-Eastem Uplands 
VI. Arid Hestem Plains 
VII. Seai-Arid U v a Plateau and 
Central High lands. 
Punjab, Plains of Uttar Pradesh 
Delhi territory and Bihar 
Orrisa, Andhra Pradesh and 
Rajpur division (Eastern part) 
of Hadhya Pradesh. 
Haryana, Rajasthan, Gujarat, 
Dadra I Haveli 
E. cichoracearai 
Haharashtra, Goa, Oatun I Diu 
and Mestern and Central Hadhya 
Pradesh. 
S. fulioinea 
E. cichoracearm 
L taurica 
E. cichoracearm 
S. fulioinea 
VIII. HMid U Seii-Arid Hestem 
Ghats and Karnataka Plateau 
Karnataka, Taiil Hadu, Kerala, 
Pondichery and Lakshdweep 
Islands 
E. cichoracearm 
§. fulioinea 
L. taurica 
> No inforiation available. 
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Taklff 111 ^ c i M tf pMitry Bilin nt§rM it iithml af»-tctltfial ZMMS tf Mia. 
8Utt Species of powdery •ildev References 
1. 
and Kashair 
HiMchal Pradesh 
Hi l l division of U.P. 
(Kuuon and Gerlwal) 
U. IMtf iNfal-^sa tail Im 
S. fulieinea 
S. fulieinea 
E. cichoracearui 
Butler (1918) 
Khan ft al., (1972) 
Sharta (1978) 
Sohi and Nayar (1969) 
Srivastava and Bisht (1986) 
Uest Bengal 
Assaa 
U I . W^i Eatttra HiMlayai 
liliN aad Bay Icelands 
Arunachal Pradesh 
Najaland 
Hanipur 
Nizoraa 
Tripura 
He^halaya 
Andaaan I tticehar Islands 
IV. Sailaid Satltj fiiafa Mlavial 
Plains 
Ponjab 
Plains of (ntar Pradesh 
S. fuliqinea 
S. fuliqinea 
|. cichoracearua 
Kaur and Jhooty 
(198S. 1986) 
Butler (1918) 
Khan and Khan (1970) 
Khan et al., (1971) 
Sharaa (1972, 1973) 
contd. 
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Tablf 11 Contd... 
Dilhi territory 
Bihar 
S. fuliqioM 
5. fuliainw 
E. cichoracearui 
V. SMMMid U Mali Eiittni nd SNUI Easteni Uplands 
Oritia 
Aadhra Pradesh 
Rajpur division 
(Eastern part) of Hadhya Pr^sb 
VI. Arid UNten PUiM 
Hiryana 
Rajasthan §. fulioinea 
E. cichoracearui 
L taurica 
Gujarat 
Dadar t Nagar Havcli 
VU. SnHlri l L M PUtaM mi tatral l l i#laiii 
Maharashtra 
Goa, Oaaan t Diu 
Hestern and Central 
Hadhya Pradesh 
fflU . WmU to SHiHIrM 
Mntcri Oitf and UrmUka 
Platoai. 
Karnataka 
Taail Nadu 
Kerala 
Pondicherry and Lakshadveep 
Islands 
g. cichoracearui 
§. fulioinea 
|. cichorac^arw 
E. cichoracearui 
S. fulioinea 
L. taurica 
Shivakaii ct li.. (1972) 
Butler (191S) 
Khan (197i,1977) 
Siradhana A Choudhari (197Z) 
Malik etii., (1973) 
Hahrsbi and Siradhana (1980) 
Ahiadeiai. 
Dave et ii., (1971) 
Khoslaet ai., (1974) 
Rajcndran (1965) 
Ullasa et al., (1979) 
Unasa and tain (19&1) 
Inferaatien about species of powdery lildev not available. 
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(1972, 1973) and Malik et aU{1973) reported S. fuliginea and 
E. cichoracearum infecting a number of cucurbits in the state 
of Uttar Pradesh. They identified the causal organisms on 
the basis of anamorphs as well as teleomorphs characters. 
Values of anamorph characters in the taxonomy of powdery 
mildew of cucurbits 
Anamorph characters are attached smaller taxonomical 
importance as compared to teleomorph characters in the 
identification of powdery mildew in general. Some characters 
of anamorph have, however, been suggested usuable for 
identification of powdery mildew fungi infecting cucurbits 
(Hirata, 1955; Amano, 1986; Boesewinkel, 1977, 1980; 
Sitterly, 1978; Yarwood, 1978; and Khan, 1983, 1989) and have 
been used in diagnosis or differentiation of S. fuliginea, 
J^  • 2i£ll2£^£§2.£HID and L. t.au£_i.ca in absence of their 
teleomorphs. Taxonomic values of anamorph structures of the 
powdery mildew on cucurbits are briefly given below: 
1. Mycelium: The mycelium of E. cichoracearum 
and S. fuliginea is ectophytic consisting of a net work of 
colourless hyphae abundantly present on the surface of the 
infected parts of the hosts. In L. taur^ca, mycelium is 
endophytic, spreading between the mesophyll cells of the 
leaves. Endophytic nature of the mycelium is of great 
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taxonomic importance for distinguishing L. taurica from the 
other species on cucurbits. 
2. Conidiophores: The types of conidiophores observed in 
powdery mildew of cucurbits are either branched or 
unbranched; those with conidia borne singly or those borne in 
chains; those with fibrosin bodies or without fibrosin bodies 
and those with conidia of one shape or those with various 
shapes (Yarwood, 1978;' Khan, 1983). The conidiphores of 
E. cichoracearum and S. fuliginea are unbranched, bearing a 
chain of conidia (Euoidium type) while those of L. taurica 
the conidiophore it often branched (Oidiopsis type) with two 
types of conidia (navicular and cylindrical). Conidiophores 
of L. t.a^ u£j^ c^  emerge through stomata. These features of 
conidiophores are helpful in differentiating L. taurica from 
S. fuliginea or E. cichoracearum. 
* 
3- Conidia: Shape and size of conidia are sometime advocated 
to be used in taxonomy of the species. 
a. Shape: There are suggestions to use the shape of conidia 
to distinguish the different genera of powdery mildews 
involved in the development of disease on cucurbits. The 
shape of conidia of S. fuliginea is ellipsoidal or at least 
with the tendency towards this shape whereas those 
of E. cichoracearum are barrel-shaped with a tendency towards 
50 
cylindrical forms (Khan, 1983). L. t.auE;_ica produces two 
distinct kinds of conidia viz., cylindrical and navicular. 
This is a very prominent feature of conidia of L. taurica and 
can be easily distinguished from other species. 
b. Size: The size of conidia is often used in the taxonomy of 
powdery mildew (Allison, 1931; Clare, 1958; Boerema and Van 
Kesteran, 1964; Jhooty, 1967; Nagy, 1976). Size of conidia is 
fairly constant for a given host in a given environment 
(Blumer, 1922). But the utility of this character seems 
doubtful as the dimensions of conidia are greatly influenced 
by a number of factors including relative humidity, 
temperature, host and its nutritional status (Yarwood, 1978; 
Khan, 1983). 
4. Fibrosin bodies: Well developed fibrosin bodies (Zopf, 
1887) occur in the conidia and conidiophores of S. fuliginea 
but are absent from E. cj^choracea^um (Ballantyne, 1963; 
Clare, 1964; Nagy, 1970). This character is apparently useful 
and seems to be highly reliable for distinguishing 
5. fuliginea from E. cichoracearum. But there are records of 
§.' I.Hli9.i!l§§: which lack fibrosin bodies. Yarwood (1978) 
agreed with the utility of this character but felt that this 
might have been overemphasized. He had observed fibrosin 
bodies forming cultures of S. fuliginea which did not show 
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them in every conidium. He noticed in his culture of 
S. fuliginea 4-8 fibrosin bodies in each conidium produced on 
the upper surface of the cotyledons and true leaves in the 
greenhouse at about 20°C. But on the lower surface fibrosin 
bodies were sometimes absent. He noticed that percetange of 
conidia with fibrosin bodies were as low as 20% on outdoor 
squash in Berkley, U.S.A. He further noticed that 
temperature was a factor in the incidence of fibrosin bodies 
in conidia. He observed that incidence of fibrosin bodies on 
cucumber in greenhouse was lower at 16°C than at 20, 24, or 
28°C. In other species of Sphaerotheca for example 
in S. ianes^t^r^^ the percentage of conidia with fibrosin 
bodies was as low as 30 on Quer^cu^ Z§lHtiQ.§. - ^  "^  1971. 
Similarly in Moscow (U.S.S.R.), most conidia of S. humuli 
were found without fibrosin bodies in 1975. These 
observations of Yarwood indicate that the presence or absence 
of fibrosin bodies in conidia and their number are influenced 
by environmental factors, age of the host as well as the 
species of Sphaerotheca involved. This creates doubt with 
regard to utility of fibrosin bodies and it needs further 
examination and thorough investigations. 
5. Garmination: Clare (1964) and Zaracovitis (1965) 
distinguished powdery mildew by the method of germination of 
the conidia. Conidia of S. fuliginea produced forked germ 
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tube while those of 6. cichoracearum produced simple germ 
tube with well developed distinct appressoria. They 
successfully used this as a taxonomic character. 
Identification of the pathogen in absence of teleomorph 
Identification of powdery mildews of cucurbits based on 
teleomorph characters is easy but they are rarely formed in 
nature. Then identification are based on anamorph characters. 
But anamorph characters of S. fuliqinea and E. cichoracearum 
exhibit great similarities. Conidia in both are born in 
long chains on same kind of conidiophores. Apparently, there 
is no distinction in symptoms of the disease caused by them 
on cucurbits. This situation has caused great deal of 
confusion regarding identity of the species causing powdery 
mildew on cucurbits in different parts of the world, or in 
different areas or with in the same area in a given country. 
Sawada (1914) proposed a scheme for classification of 
Erysiphaceae based on conidial stage. The characters 
recognised as most useful in identification were formation of 
conidia singly or in chains, shape and dimensions of conidia 
and conidiophores, presence of fibrosin bodies and the type 
of vacuoles. Yarwood (1957) remarked that the method of 
germination of conidia is also distinguishing character, 
though it perhaps may not be recommended for taxonomic 
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purposes. He, however, devised a key based on conidial 
characters for identification of genera and species of 
powdery mildews in the absence of. teleomorphs (Yarwood, 
1973). 
Boesewinkel (1977, 1980) in his synoptic key for 
identification of powdery mildews considered more than twelve 
morphological characters including presence or absence 
conspicuous well developed fibrosin bodies, the size, shape 
and germination pattern of conidia. Ballantyne (1975), 
examining a large number of samples collected from different 
parts in Australia, substantiated that S. fuliginea. can be 
readily distinguished from E. cichoracearum by utilizing 
conidial characters. 
Khan (1983, 1989) concluded that there is a great degree 
of agreement that the presence or absence of well developed 
fibrosin bodies and mode of germination of conidia are useful 
criteria for distinction between E. cichoracearum and S. 
fuliginea. 
Conidial germination characters have been successfully 
adopted in differnetiating powdery mildew of cucurbits. 
Hashioka (1937) and Hirata (1955) observed that S. fuliginea 
was unique in producing forked germ tube. Zaracov'itis (1965) 
suggested to use the morphological characters of conidial 
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germination of identifying imperfect state of powdery 
mildews. He observed that conidia of E. cichoracearum on 
germination on glass produced simple germ tubes with thick 
walled club-shaped appressoria where as those of S. fuliginea 
produced no well differentiated appressoria and a number of 
conidia formed forked germ tubes. Ballantyne (1975) observed 
that all conidia of S. fuliginea do not produce forked germ 
tubes but percentage of forking ranges from 3-60 with more 
specimens in the range of 3-5 per cent. 
Fibrosin bodies, also designated as Corpuscles de Zopf 
named after Zopf (1887) who first reported them from the 
conidia and conidiophores of Podosphaera oxyacanthae, were 
regarded valuable in taxonomy of powdery mildew by Foex 
(1912, 1925) and Bouwens (1927). Blumer (1933) and Homma 
(1937) considered presence or absence of fibrosin bodies 
valuable in distinguishing conidial stages of 
E. cichoracearum and S. fuliginea on cucurbits. Hashioka 
(1937), Uozumi and Yoshi (1952), Sawada (1959), Dingley 
(1959), Clare (1958, 1964), Boerema and Van Kesteren 
(1964), Kable and Ballantyne (1963), Ballantyne (1963, 
1975), Khan (1983) Mazzanti de Castanon (1986), Grand 
(1987), Branzanti and BruneUi (1987), Molot and Lecoq (1986), 
and ReifSchneider (1985) have recognised the significance of 
fibrosin bodies in differentiation of S. fuliginea and 
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E. cichoracearum. Fibrosin bodies were also reported 
in E. cichoracearum by Klika (1922) without specifying the 
characterstic form. But this has not been substantiated by 
later reports. 
Bouwens (1924), Clare (1958), Boerema and Van Kesteren 
(1964), Jhooty (1967) and Nagy (1979) considered that 
dimensions of conidia are of taxonomic importance for these 
species. Yarwood (1957, 1978), however, expressed doubts 
about the utility of dimensions of conidia in their taxonomy 
as these features are greatly influenced by a number of 
factors including relative humidity, temperature, host and 
nutritional status. Khan (1983) proposed that in most of the 
specimens the shape of conidia in S. fuliqinea in ellipsoidal 
or at least with a tendency towards this shape where as those 
of E. £i.chor;acearum are barrel-shaped with a tendency 
towards cylindrical form. Similar observations have been 
reported by Nagy (1970). Jhooty (1967) concluded that in 
general conidia of E. cichoracearum are much longer than 
those of S. |.Hii3.ill£§.* Nagy (1970) used the conidial 
dimensions as a character of differentiation and found that 
the length-width ratios of the two species were significantly 
different. Schlosser (1976 b) recommended the determination 
of fibrosin bodies as standard procedure of differentiation 
of the two species. Sitterly (1978) suggested that conidial 
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characters can be used for positive identification of the 
causal organism for the purpose of eliminating taxonomic 
confusion. 
In addition to the conidial characters, Khan (1978). 
proposed the use of Coccinia cordifolia (= Coccinia grandis) 
and LaSLsnar^a leucant^ha (= La3.eiia^ £i^ a li2§£a£.ia ^  ^^ 
prospective differential hosts as aid for distinguishing 
between S^. f ul iginea and E. cichoracearum. It was claimed 
that C. grandis is infected only by E. cichoracearum and 
L. siceraria by S. fuliginea. Cross infection does not occur. 
Identification of L. taurica in conidial stage is not 
difficult because of characteristic symptoms on the host, 
internal mycelium, branched conidiophores emerging through 
stomata, bearing single conidia and formation of two kinds of 
conidia. 
In the absence of perithecia, the identity of the 
powdery mildew of cucurbits was established in a number of 
countries based on conidial measurements, germination rates, 
germination in relation to moisture stress, absence and 
presence of fibrosin bodies. Clare (1958) in Australia; 
Dingley (1959) in New Zealand; Boerema and Van Kesteren 
(1964) and Kooistra (1968) in the Netherlands; Nagy (1970) in 
Hungary; Kable and Ballantyne (1963), Yarwood and Gardner 
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(1964), Sowell and Clark (L97L), Clark (1975) and 
Shanmugasumdaran et aj,. (1971) in U.S.A.; Mazzanti de 
Castanon et. al,. (1987) in Argentina; Schlosser (1972) and 
Cruger and Meyer (1976) in West Germany; Gorter (1966) in 
South Africa; Viennot-Bourgin (1971) and Molot and Lecoq 
(1986) in France; Janke et_ aL (1977) in East Germany; Khan, 
(1982) in Libya, Jhooty (1967) in Punjab (India) have 
established the identity on the basis of anatnorph charcters. 
Some of these countries now have records of teleomoprh of 
§• fuliginea on cucurbits. 
Host races 
Powdery mildew are highly specialized parasites of 
plants. Existence of races with in certain morphological 
species of powdery mildew is well established, particularly 
Ln Erysiphe graminis. It was shown through inoculation 
experiments by Neger (1902) that morphological species 
consist of biologically different species or races which only 
infect particular plants but not closely related plants on 
which a different biological race occurs. 
Some attempts have been made to identify the races with 
in powdery mildews of cucurbits through their host 
specialization studies. According to Blumer (1933) the degree 
of biological specialisation varies among the species and is 
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broad in Oi^ d_ium (S. Iiiii2lll§§. "^'^  E. £ i^ cho r a ce a r;um) on 
cucurbitaceae which infects nearly all members of this 
family. Alcorn (1969) reported the occurrence of four 
pathogenically distinct races of S. fuliginea on cucurbits in 
Queensland, Australia, all of which infected Cucumis sativus, 
Cucurbita maxima and C. pepo, but not all infected the two 
cultivars of Cucum_i§ !I!§i2 ^^^ ^^^ single cultivar of 
Citrullus lanatus var. Caffer. 
In India, no indication of pathological specialization 
in S. fuliginea was noticed by Akram and Khan (1977, 1978), 
while screening cultivated cucurbits to five isolates of 
S. fuliginea collected from the states of Jammu and Kashmir 
and Uttar Pradesh. 
Cross inoculation studies of Nour (1959) between three 
isolated of S. fuliginea from various hosts were successful 
which indicated the lack of pathological variability within 
S. fuliginea. 
Kaur and Jhooty (1985) studied the pathological 
specialization of six isolates of S. luliginea causing 
powdery of cucurbits in the state of Punjab (India). They 
noted three different pathological forms on the basis of 
differential reaction of cucurbitaceous hosts. They surveyed 
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the cucurbit growing areas of Ropar, Hoshiarpur and Ludhiana 
districts in Punjab for the isolates of S. fuliginea. For 
testing the physiological forms, 3-4 leaf stage seedlings of 
C- melO' 5. mej^ o var. u^iiis s j^mu£, C. pe^o, La£enar_ia 
siceraria, L. cylindrica and C. lanatus were .inoculated with 
different isolates of S. fuliginea. They noted that C. pepo 
and L. siceraria were infected by all the isolates; C. melo 
was resistant to isolates 5 and 6 and moderately resistant to 
isolate 2. C. melo var. utilissimus, L. cylindrica 
and C. lanatus were susceptible only to their respective 
isolates i.e. isolate 5 and 6 and were resistant to the 
isolates 1 and 4. The above findings indicated the presence 
of three distinct pathological forms of S. iHlisinea 
designated as form 1 on L. cyl indrica, form 2 on C. lanatus 
and form 3 on C. m§i°' 5. melo var. utilissimus, C. pepo and 
If' §.i£££^rj^a. Three distinct races in S^. lHli2ij}s§ ^^^ 
claimed to exist in U.S.A. Thomas (1978) reported a new 
biological race of S. 1^ 1. j^ 2.ill§§. i-"^  U.S.A. which was 
designated as Race 3 while studying the reaction of five 
cultivars of cantaloupe. His study indicated that Race 1, 
Race 2 and Race 3 are present in U.S.A. 
There are also some records of occurrence of races 
of E. cichoracearum op cucurbits. Two distinct races 
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in 6. cichoracearum are differentiated in U.S.A. by Jagger 
and Scott (1937) and Jagger et aL (1938). This 
differentiation was made while breeding powdery mildew 
resistant cultivars of cucurbits. At the time of these 
studies, powdery mildew of cucurbits was recognised as 
E. cichoracearum. But in view of recent report of widespread 
occurrence of S. fuliginea in U.S.A., the identity of the 
species selected for race differentiation by Jagger and 
Scott (1937) and Juggar et^  a_l. (1938) as E. cichoracearum 
seems to be doubtful. It is possible that these 
differentiations were done in S. fuliginea presuming it 
as E. c i_c hor acea r;um . Rei f Schneider et aL (1985) while 
studying the differentiation of races in S. fuliginea using 
host differentials (i.e. PMR5, PMR6, PMR45, Edisto 47) 
recognised the presence of Race 1 on Cucumis melo in three 
districts of Brazil. Malot and Lecoq (1986) in their review 
on powdery mildew of cucurbits described three races (Race 
1, Race 2 and Race 3) of S. iuj^ j^ £_inea and their host 
differentials (i.e. PMR5, PMR6, PMR45, Edisto 47). 
MATERIALS AND METHODS 
The different materials used and methods employed to 
investigate the proposed aspects of the study are generalized 
below: 
Survey and collection 
Surveys were conducted in different localities of 
extensive cucurbit cultivation in some districts of 9 states, 
Andhra Pradesh, Assam, Bihar, Himachal Pradesh, Karnataka, 
Madhya Pradesh, Rajasthan, Tamil Nadu, Uttar Pradesh and 
Union territory of Delhi in India to establish the identity 
of powdery mildew species infecting cucurbits and races of 
Sphaerotheca fuliginea and to understand their pattern of 
distribution. Following cucurbits encountered during the 
surveys were included in the study: 
1. Lagenaria siceraria (Molina) Stand. 
2. Cucurbita moschata Duch. 
3. Cucurbita maxima Duch. 
4. Luffa cylindrica (L.) Roem. 
^' Coccinia grandis (L.) Voigt. 
6 . Cucumis mej^ o L. 
7 . Cucumis mej^ o var . utilissimus L. 
8. Cucumis melo var. momordica Roxb. 
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9. Cucumis sativus L. 
10. Cibrullus lanatus (Thunb.) MansE. 
11. Benincasa hispida Cogn. 
12. Momordica charantla L. 
13. Citrullus vulgaris var. fistulosus Steward. 
Five to ten samples o£ each of the cucurbits encountered 
during the surveys were collected at random from each of the 
available field plots in a locality. In some localities 
cucurbits grown in kitchen garden, farm yards, orchards or 
climbing on the roof-tops or huts or other dwelling units 
were also included for sampling. Aerial parts of the plants 
(leaves, twigs, stem portions, tendrils etc.) comprised the 
samples. Each sample was packed separately in polythene bags 
and marked to indicate the crop, location, date of collection 
etc. and brought to the laboratory. All the samples were 
closely examined for studying the characteristics of the 
symptoms on the cucurbit and the symptoms were recorded. 
Identity of species oE powdery mildew 
Identity of the powdery mildew species infecting various 
cucurbits in different localities of the states were 
established by using teleomorph and anamorph characters of 
the species. Since teleomorph develops rarely on cucurbits 
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and only a few samples showed teleomorph, anamorph characters 
were largely used for determining the identity. Infected 
samples collected during the surveys were thoroughly examined 
under dissecting microscope or magnifying glass to detect the 
presence of teleomorphs. Morphological characteristics of 
teleomorph if present and of anamorph of the powdery mildew 
species in each'sample were studied microscopically. 
I. Teleomorph characters 
If teleomorph was present, following characters were 
studied and dimensions were measured. 
1. Diameter of the perithecia 
2. Type of appendages 
3. Number of asci per perithecium 
4. Number of ascospores per ascus 
5. Shape of ascus and ascospore 
6. Dimensions of asci and ascospores 
II. Anamorph characters 
The f o l l o w i n g anamorph c h a r a c t e r s were s t u d i e d and 
dimensions were measured: 
1. Mode of p a r a s i t i s m in r e l a t i o n t o e c t o p h y t i c and 
endophytic na ture of the mycelium 
2. Morphology of conidiophores in r e l a t i o n to branching 
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3. Length of the conidiophores (number of cells) 
4. Arrangement of conidia on conidiophores 
5. Shape of conidia 
6. Dimensions of conidia (length and breadth) 
7. Length/breadth (L/B) index 
8. Presence and absence of fibrosin bodies in conidia 
9. Morphology of germ tube and development of appressoria 
10. Point of origin of germ tube on conidia 
For measuring the conidial dimensions 300 conidia 
selected at random from the slides prepared from each sample 
were measured with the help of ocular micrometer. L/B index 
was determined by dividing length of a conidium with its 
breadth. Mean values were calculated and standard deviation 
was determined. For fibrosin bodies and morphology of germ 
tubes and development of appressoria fibrosin bodies test and 
germination test were conducted. 
a. Fibrosin bodies test 
Conidia from each sample were examined for the presence 
of fibrosin bodies. Conidia were gently dusted on clean dry 
glass slides (in triplicate) from different leaves each or 
other aerial part for each field sample. To pronounce the 
fibrosin bodies a few drops of 3% KOH (potassium hydroxide) 
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aqueous solution were added on each slide. Conidia w^re then 
examined under the microscope (Kable and Ballantyne, 1963). 
While examining such treated conidia on the slides following 
three observations were made: 
1. Presence or absence of well developed discrete fibrosin 
bodies 
2. Per cent occurrence of fibrosin bodies in conidia 
3. .Number of fibrosin bodies in each conidium 
For all the abovesaid three observations, 100 conidia 
were accounted from each slide (replicate) selecting at 
random in different microscopic fields, totaling 300 conidia 
from each sample. 
b. Germination test 
Conidia from the samples were germinated on glass slides 
and examined under the microscope to determine: 
1. Morphology of germ tubes (forked and simple) 
2. Point of origin of germtube on the conidium 
3. Per cent conidial germination 
4. . Per cent forking of germ tubes 
5. Per cent appressorial development 
For germination, conidia were gently dusted on dry clean 
glass slides from different leaves or other aerial parts of 
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the sample. Three replicate slides were prepared from each 
sample. The slides were placed on a glass rod triangle, kept 
in petriplates (90 mm) containing sterilized distilled water 
at the bottom and moistened cotton wool lining the inner 
surface of the upper lid. The petriplates were incubated at 
20°C (+^ 2) for 24 h. At the end of the incubation period, 
slides were examined under the microscope. For each of the 
abovesaid observations, 100 conidia from each slide selected 
randomly in different microscopic field totaling 300 from 
each sample were accounted. For observing the development of 
appressoria a set of slides from each sample incubated in the 
same way as described above were examined after 48 h and 
development of appressoria and their shape were noted and per 
cent development of appressoria by the germ tubes were 
calculated by accounting 100 conidia selected randomly from 
each slide. 
Host differential test 
Lagenaria leucantha (=Lagenaria siceraria) and Coccinia 
£2I.^il2li§. ' ~Cocc i^n i^a S^an^i^ ^  were proposed as host 
differentials by Khan (1978) as an aid for differentiating 
Sphaerotheca fuliginea and Erysiphe cichoracearum. According 
to him S. fuliginea showed specificity for L. siceraria and 
did not infect C. grandis. On the other hand E. cichoracearum 
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showed specificity to C. grandis and did not infect 
If §.i£§.I.-§.£i:§.' ^^ ^^^ present investigations, these host 
differentials were also used as an aid to identify the 
species of powdery mildews infecting cucurbits as well as the 
consistency in the response of these host differentials were 
also simultaneously tested by inoculating potted plants or 
leaf discs of the host differentials with various collections 
of the powdery mildew species. 
Plant culture 
Plants of L. siceraria (cv. Pusa Summer Prolific Long) 
and C. grandis, a wild cucurbit, seeds of which were locally 
collected, were grown in 9 cm pots filled with autoclaved 
field soil, sand and farmyard manure (3:1:1). For inoculation 
of potted plants, plants of 3 different ages (2-week, 
3-week, 4-week old) were used. For inoculations of leaf 
discs, discs were also obtained from plants of the same ages 
as for inoculations of potted plants. 
Inoculations 
Inoculations were done by dry dusting of conidia on the 
ventral surface of the leaves of the differential hosts 
obtained from the infected field samples of cucurbits 
identified as S. f ul iginea or E. cichoracearum on the basis 
of anamorph and teleomorph characters. 
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From sample oE the cucurbits InEected with the powdery 
mildew species, inoculations of potted plants were made 
according to the following inoculation (treatments). 
1. Controls 
a. Uninoculated potted plants or leaf discs of 
L. siceraria. 
b. Uninoculated potted plants or leaf discs of C. qrandis. 
2. Inoculations (treatments). 
a. Inoculated potted plants or leaf discs of L. siceraria 
b. Inoculated potted plants or leaf discs of C. grandis. 
Each treatment was replicated three times. All pots were 
maintained in glasshouse at 20°C f+2), keeping plants of 
different treatments in separate chambers. 
For inoculations, leaf discs were cut from the 
fresh, leaves of plants (2-week, 3-week and 4-week old) 
of L. siceraria and C. grandis with the help of cork-borer 
and floated on sterilized distilled water surface contained 
in petriplates. The upper surface of leaf discs were 
inoculated by dry dusting of conidia obtained from 
each cucurbit sample infected with S. lullginea or 
E. cichoracearum. The petriplates were kept at 20OC (+2) and 
regularly examined for the appearance of powdery mildew 
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symptoms. In both experiments (on potted plants or leaf 
discs) where symptoms of the disease appeared and pathogen 
growth occurred on inoculated leaf or leaf discs surface, 
conidia were examined and their characters were studied and 
recorded. The characters of the pathogen were then matched 
with those present in the sample from where inoculation were 
done. 
3. Culturing and maintenance of the pathogens 
Inocula of S. lyj^ j^ gj^ nea and E. c^cho£acearum from 
selected samples, preferably from areas of high disease 
intensities in different states, were maintained in separate 
cham'bers in glasshouse (20 + 2°C) on young plants of 
h- siceraria and C. grandis respectively. Inoculation were 
done by dry dusting of conidia or appressing infected leaves 
on the surface of leaves of the seedlings. Subsequent 
inoculations when found necessary, were done to maintain the 
inocula for desired length of time. 
4. Consistency in anamorph characters 
To ascertain the consistency in anamorph characters in 
order to use them as basis for identification of S. fuliqinea 
and E. c.ichoracearum dimensions of conidia (length, width and 
L/b index) presence and absence of fibrosin bodies in 
conidia, per cent occurrence of fibrosin bodies in conidia of 
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different samples, per cent germination of conidia, point of 
origin of germ tubes on conidia, morphology of germ tubes and 
development or no development of appressoria, per cent 
forking of germ tubes per cent development of appressoria 
etc. in various samples of cucurbits showing powdery mildew 
were studied and determined §s given in the preceding 
paragraphs of the materials and methods. Data so obtained 
were then assessed for their taxonomic value for 
differentiating the species involved. 
5. Race differentiation in Sphaerotheca Euliqinea 
In order to differentiate races in S. fuliginea isolates 
infecting different cucurbits in some states of India, 
cantaloupe cultivars PMR5, PMR6, PMR45 and Edisto 47 were 
Host differential reaction chart for races of Sphaerotheca 
fuliginea. 
Race Cultivars 
PMR5 PMR6 PMR4 5 Edisto 4 7 
Race 1 R R R R 
Race 2 R R S S 
Race 3 S S S R 
R = Resistant, S = Susceptible. 
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adopted as host differentials following Thomas (1^78). 
Seedlings of differential cultivars were grown in autoclaved 
soil contained in 9 cm clay pots in the glasshouse. Each set 
consisted at 3-4 leaf stage by dry dusting of conidia 
obtained from each sample or appressing the infected areas 
with the leaves of differential cultivars. The pots of 
differential cultivar were kept on separate benches of 
glasshouse at 20°C (+2) temperature. For further 
confirmation, other experiment was done by leaf disc method 
as described above. Observation were made after 12 days of 
inoculation, with regard to development of the disease in the 
form of white fluccose powdery spots on the leaves of the 
inoculated host differentials. Observations were recorded and 
matched with the above host differential reaction chart to 
differentiate the races in S. fuliginea. (Thomas, 1978). 
RESULTS 
IDENTITY OF POWDERY MILDEW SPECIES 
Surveys were conducted to determine the identity of 
powdery mildew species attacking cucurbits in the states of 
Andhra Pradesh, Assam, Bihar, Himachal Pradesh, Karnataka, 
Madhya Pradesh, Rajasthan, Tamil Nadu, Union territory of 
Delhi and Uttar Pradesh (Fig.l). 
The species of powdery mildew involved in the disease 
on cucurbits in the states we're identified by using 
teleomorph and/ or anamorph characters. 
The details of the identity of powdery mildew species 
are given below separately for each state. 
1.ANDHRA PRADESH 
Occurrence oE powdery mildew 
Localities in the Karimnagar, Warangal, Krishna and 
Guntur districts of the state were surveyed in the first week 
of May, 1989. (Fig.2) Cucurbits like Lagenaria siceraria, 
Cucurbita moschata, Cucurbita maxima, Luffa cylindrica, 
Coccinia grandis, Cucumis melo, Cucumis melo var. momordica, 
Cucumis sativus, Citrullus lanatus, Citrullus vulgaris var, 
f istulosus and Momordica charantia were encountered during 
the survey (Table 14). All the cucurbits except C. lanatus, 
C. vulgaris var. fistulosus and Momordica charantia were 
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found infected with powdery mildew in one or the other 
locality and/ or district. L. siceraria and C. melo were 
apparently more heavily infected than other cucurbits. 
L. cylindrica in Krishna district, C. grandis in Guntur 
district and C. sativus and C. maxima in Karimnagar district 
were free from infection at the time of survey. Citrullus 
vulgaris var. fistulosus was found cultivated only in one 
locality of Krishna district. The crop showed no infection. 
Symptoms 
The white fluccose circular powdery spots were 
invariably present on leaves and stems of infected cucurbits. 
Spots were discrete in some samples or on some leaves or 
stems of a sample. But in case of severe infection entire 
foliage was covered with powdery mass. All the cucurbits 
invariably contained anamorphs of the pathogen, regardless of 
the locality or district. 
Teleomorph was observed on leaves and stems 
of L. siceraria collected from one locality in Krishna 
district (Table 15), Other samples of cultivated cucurbits 
showed only anamorph of the powdery mildew. C. grandis, a 
wild cucurbit contained only anamorphs. Regardless of 
locality/ district or cucurbit, mycelium was ectophytic in 
all the samples collected from the state. 
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Localities in the d i s t r i c t : 
1. 
3. 
5. 
7. 
9. 
11. 
13. 
. 15. 
17. 
19. 
21 . 
Dharairpuri 
Hasanabad 
Uppal 
Warangal 
Vardannapet 
DoranaJcal 
Mailavaram 
Vijayawada 
Avanigadda 
Tonal 
Guruzala 
2. Anantaram 
4. Hazurabad 
6. Kazipet 
8. Nagaram 
10. Mahbobabad 
12. Kanchikacherla 
14. Nuzvid 
16. Bantuwilli 
18. Nizenpatnam 
20. Anaravati 
22. Durgi 
S= Sphaerotheca JuliQinea 
E= Erysiphg cichoraccarum 
Fig . 2. D i s t r i b u t i o n of Sphaerotheca f u l i g i n e a and 
Erysiphe cichoracearum on c u c u r b i t s in some 
d i s t r i c t s of Andhra Pradesh . 
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Anamorph characters 
Hosts: L. siceraria, C. moschata^ C. maxima, L. cylindrica, 
C. melo, C. melo var. utilissimus, C. melo var. 
momordica, C. sativus 
Anamorph euoidium type, conidiophores straight or 
curved, unbranched, septate, three celled, 60.5 - 93.5 x 9.4 
- 15.3 urn, Eoot cell cylindrical, 36.5 - 62.5 x 9.9 - 15.5 
urn, conidia in chain, basipetal succession, ellipsoidal, 
oval to sub-spherical 28.1 x 15.6 um (mean), L/B index 1.80, 
approximate length: breath ratio 3:2 (Table 19, Fig.15). 
Teleomorph characters 
Host: L. siceraria 
Perithecia scattered to densely gregarious, brown to 
dark, globose to subglobose, 66-99.5 um in diameter. 
Appendages mycelioid, brown, variable in number and length. 
Ascus single, broadly elliptical to subglobose 56-85 x 29-59 
um with average (63 x 41 um); Ascospores 8, ellipsoidal to 
spherical 16-21 x 10-20 um (18.5 x 15.4 um) (Table 16). 
Based on these anamorph and teleomorph characters, the 
species of powdery mildew infecting the cucurbits was 
identified as Sphaerotheca fuliginea (Schlecht.) Poll. 
(Tables 22, 23; Fig.2) 
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Anamorph characters 
Host: C. grandis 
Anamorph euoidium type, conidiophores erect, un-
branched, three celled, 80-165 x 11-13.8 um, foot cell more 
or less straight, cylindrical, 60-90 x 11.2 - 14.2 urn, 
conidia in chain, basipetal succession, barrel shaped with a 
tendency towards cylindrical shape, 34.8 x 15.1 um (mean), 
L/B index 2.30, the ratio of length: breath approximately 
2:1 (Table 19, Fig.16). The species of powdery mildew was 
identified as Erysiphe cichoracearum DC. 
Fibrosin bcxlies and conidlal germination 
Well developed, discrete with variable shapes - disc, 
cone, plate or rod like fibrosin bodies were invariably 
present in the conidia of powdery mildew in all the samples 
of cultivated cucurbits irrespective of locality but were 
conspicuously absent from conidia in all samples of powdery 
mildew infecting C. grandis. Some conidia in samples of 
cultivated cucurbits did not contain fibrosin bodies. Of 304 
samples of cultivated cucurbits infected with powdery mildew 
examined from the state, 203 showed some conidia without 
fibrosin bodies. The per cent occurrence of fibrosin bodies 
in conidia from these samples was 84.27. In thj 
samples fibrosin bodies were invariably prt 
V ,-ir'J* 
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conidia (Table 17, Figs. 12,13). The fibrosin bodies per 
conidium ranged from 3 to 12 with mean of 9 per conidium 
(Table 18; Fig. 14). 
On germination, conidia from the cultivated cucurbits 
produced simple and forked germ tubes. The germ tubes 
emerged from the side walls of the conidia. The mean per 
cent germination was 74.89 and 51.60% germinating conidia 
produced forked germ tubes. None developed appressoria (Fig. 
17). 
Conidia from C. grandis did not contain well developed 
fibrosin bodies and on germination invariably produced simple 
germ tubes (non-forked) which developed club-shape 
appressoria. The germ tubes emerged apically/basally of 
conidia. The conidial germination was 76.20% and 62.3% 
germinating conidia showed appressorial development. (Table 
20; Fig. 18). 
Response of host differentials 
Inoculation of L. siceraria (cv, Pusa Summer Prolific 
Long) done with the powdery mildew obtained from 
L. siceraria, C, moschata, C. maxima, L. cy1indrica, 
C. sativus, C. melo var. utilissimus, C. melo var. momordica 
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and C. melo resulted in infection and characteristic symptoms 
developed. inoculation of C. grandis with powdery mildew 
from cultivated cucurbits did not cause infection. The 
disease, however, developed on C. grandis when inoculated 
with conidia obtained from C. grandis. Perithecia were formed 
on stems and leaves. On the basis of morphological 
characters and dimensions, they were identified to be of 
E. cichoracearum. The powdery mildew from C. grandis 
irrespective of locality, did not cause infection on 
L. siceraria. Similar results were found from leaf-disc 
inoculations {Table 21). 
Taking into account the symptoms, mode of parasitism, 
studied characters of teleomorphs, and anamorphs and response 
of host differentials in inoculation test, the powdery mildew 
fungi infecting the cucurbits in the state (in the studied 
area) were identified as S. fuliginea and E. cichoracearum 
(Table 22, 23). S. fuliginea was wide-spread infecting all 
the cultivated cucurbits. E. cichoracearum was restricted 
to C. grandis. 
2. ASSAM 
Occurrence of powdery imiildew 
Three districts namely Guwahati (Kamrup), Dibrugarh and 
Jorhat were surveyed in Assam for powdery mildew on cucurbits 
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in last week of January 1989 (Fig. 3). L. siceraria, 
C. moschata, C. maxima, L. cylindrica, C. grandis, C. melo, 
C. melo var. utilissimus, C. melo var. momordica, 
C. sativus and C. vulgaris var. fistulosus were found 
infected in one or the other locality during the 
survey. C. lanatus and M. charantia were free from 
powdery mildew (Table 14). L. siceraria, C. moschata, 
C. grandis were invariably heavily infected cucurbits in 
all the localities of the state. C. vulgaris var. 
fistulosus in Jorhat district and C, melo var. momordica in 
Dibrugarh district were free from powdery mildew. C. maxima, 
L. cylindrica, C. melo var. momordica and C. sativus were 
infected only in one locality of Jorhat district. 
L. cylindrica, and C. melo were infected in all the 
localities of Guwahati district. 
Symptoms 
Symptoms of powdery mildew were quite conspicuous in 
the f orm of tiny, white, round, superficial spots on leaves 
and stems. In heavy infections, white powdery mass covered 
almost the entire foliage. Petioles, tendrils were also 
infected. All the infected cucurbits contained anamorphs of 
the pathogens, regardless of the locality or district. 
Teleomorph was observed on L. siceraria collected from 
two localities in Guwahati district and one each in Dibrugarh 
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and Jorhat districts. Samples of C. grandis collected from 
one locality in Guwahati district also contained teleomorph 
(Table 15). 
Anamorph characters 
Hosts: L. siceraria, C. moschata, C. maxima, L. cy1indrica, 
C. melo/ C. sativus, C. melo var. utilissimus, C. 
melo var. momordica, C. vulgaris var. fistulosus. 
Anamorph euoidium type, conidiophores straight, 
unbranched, septate, three celled, 58.2 - 94.2 x 9.2 -16.1 
urn, foot cell cylindrical, 35.2 - 64.5 x 9.4 - 16.8 urn; 
conidia in chain, basipetal succession, ellipsoidal, oval to 
spherical, 33.5 x 17.1 um, L/B index 1.94, approxi mate 
length: breadth ratio 3:2 (Table 19, Fig. 15). 
Teleomorph characters 
Host: L. siceraria. 
Perithecia scattered to densely gregarious, brown to 
dark brown, globose to sub globose, 62-98 um in diameter. 
Appendages mycelioid, brown, septate, variable in number and 
length. Each perithecium contained single broadly elliptical 
to sub globose ascus, 55-88x30-60 um. Each ascus contained 8 
ellipsoidal to spherical ascospores, 16-20 x 11-19 um 
(Table 16). 
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Considering the characteristics of anamorph and 
teleomorph (present in some samples of L. siceraria), the 
species involved in the disease on the cultivated cucurbits 
was identified as S. fuliginea (Tables 22,23; Fig.3). 
Hosts: C_^  grandis, C. melo. 
Anamorph euoidium type, conidiophores erect, 
unbranched, three celled, 78.7 - 166.1 x 10.4 - 14.1 ym, foot 
cell straight cylindrical, 58-92.1 x 10.6 - 14.8 urn, conidia 
barrel-shaped with a tendency towards cylindrical, mean 
length and breadth 34.2 x 15.4 ym, L/B index 2.22, ratio of 
length: breadth approximately 2:1 (Table 19, Fig. 16). 
Teleomorph chara,cters 
Hosts: C. grandis. 
Perithecia scattered, 99.8 -151.2 urn in diameter, 
appendages mycelioid, brown, 14-21 oval asci, 74-107 x 
24-75 urn, 2 ascospores in each ascus 21.8-32.1 x 12.9 
19.1 jjm. (Table 16) . 
Based on of anamorph and teleomorph characters the 
powdery mildew species present on C. grandis and in a few 
samples of C. melo was identified as E. cichoracearum. 
(Tables 22, 23, Fig.3). 
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Pibrosin bodies and conidial germination 
Well developed, discrete fibrosln bodies of various 
shapes were invariably found in the conidia of powdery mildew 
in all the samples of cultivated cucurbits irrespective of 
locality but were conspicuously absent from conidia in all 
samples of powdery mildew infecting C. grandis and a few 
samples of C. melo. There were also few conidia without 
fibrosin bodies in samples of cultivated cucurbits: Out of 
252 samples of cultivated cucurbits studied, fibrosin bodies 
were present in all the conidia of 82 samples but in 170 
samples the per cent occurrence of fibrosin bodies in conidia 
was 83.81%. The number of fibrosin bodies per conidium was 7 
(Tables 17, 18; Figs. 12, 13, 14). 
Conidia from the cultivated cucurbits produced simple 
and forked germtubes on germination. The mean germination was 
79.72% and 51.31% germinating conidia produced forked 
germtubes. The germtubes did not develop appressoria. The 
germ tubes emerged from the side walls of conidia. On 
germination conidia from C. grandis and a few samples 
of C. melo produced simple germtubes (non-forked) which later 
developed club shaped appressoria. The mean conidial 
germination was 82.04% and 66.76% germ tubes formed 
appressoria. The germ tubes emerged apically/basally of the 
conidia. (Table 20, Fig.18). 
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Response of host differentials 
Inoculation of L. siceraria from powdery mildew 
collections of cultivated cucurbits and C. qrandis showed 
similar results as found in Andhra Pradesh. L. siceraria did 
not develop powdery mildew symptoms when inoculated with 
inoculum obtained from C. qrandis and a few samples of 
C. melo. On the other hand C. grand is was infected with 
powdery mildew when inoculated with the same inoculum. The 
same study was supplemented by leaf-disc method. In both 
experiments, symptoms of the disease and pathogen growth 
occurred on inoculated leaf/or leaf-disc, the conidia were 
examined and their characteristics when matched were found 
similar to the conidia of the field samples from which 
inoculations were done (Table 21). 
On the basis of above examined morphological characters 
of teleomorph and anamorph, fibrosin bodies and germination 
test and response of host differentials, the powdery mildew 
species involved in infecting cucurbits in the study area of 
the state were identified ' as ^. fuliginea and E. 
cichoracearum. (Tables 22, 23; Fig. 3). S. fuliginea was 
found infecting all the cultivated cucurbits encountered 
during the survey. E. cichoracearum was invariably present on 
C. grandis, a wild cucurbit, but it was also found on a 
cultivated cucurbit, C. melo. Therefore, S. fuliginea and 
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E. cichoracearum are the causal species of the disease in 
Assam though S. Culiqinea is apparently dominant attacking 
all the cultivated cucurbits. 
3. BIHAR 
Occurrence of powdery niildew 
Survey was conducted in four districts of Bihar 
(Darbhanga, Muzaffarpur, Samastipur and Patna) in the first 
week of April 1987. (Fig.4). L. siceraria, C. moschata, 
L. cylindrica, C. grandis, C. sativus, C. melo var. 
utilissimusy C. melo, C. melo var. momordica, C. vulgaris 
var. fistulosus C. lanatus, Trichosanthes dioica, M. 
charantia were encountered during the survey (Table 14). All 
the cucurbits except C. lanatus, T. dioica and M. charantia 
were found infected with powdery mildew. L. siceraria was 
infected in all the localities of the four districts. 
L. siceraria, C. moschata, C. melo var. utilissimus were 
heavily infected cucurbits in the state. L. cylindrica was 
not infected in Patna district, C. sativus in Samastipur 
district and C. vulgaris var. fistulosus in Darbhanga and 
Patna districts. C. moschata was found infected in all the 
localities of Samastipur and Patna districts, C. melo in all 
the localities of Darbhanga, Muzaffarpur, and Samastipur 
districts and C. melo var. utilissimus in Darbhanga, 
Samastipur and Patna districts. 
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BIHAR 
55 5£haerolhcca luiiqinca 
E= Erysiphc r irhoracgafum 
Localities in the 
1. Kaparpura 
3. Siho 
5. Narayanpur 
7. Thalwara 
9. Pusa 
11. Kishanpur 
13. Mdiiuddinnagar 
15. Danapur 
17. Paliganj 
d i s t r i c t : 
2. Muzaffarpur 
4. Doli 
6. Darbhanga 
8. Harisinghpur 
10. Rambtecirapur 
12. Rusera 
14. Patna 
16. Naubatpur 
F i g . 4 . D i s t r i b u t i o n of S p h a e r o t h e c a f u l i q i n e a and 
E r y s i p h e c i c h o r a c e a r u m on c u c u r b i t s TrT some 
d i s t r i c t s of B i h a r . 
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Symptoms 
White powdery spots were present on infected leaves and 
stems. The spots tended to coalesce and in severe infection 
entire leaf was covered with powdery mass. Tendrils of 
L. siceraria were also infected in some localities. 
Teleomorph was not observed in any sample. Therefore, 
identifications were entirely based on anamorph characters, 
results of fibrosin bodies and germination tests and response 
of host differentials. Mycelium was ectophytic in all the 
samples. The details of anamorph characters are as follows: 
Anamorph characters 
Hosts: L. siceraria, C. moschata, C. maxima, L. cylindrica, 
C. melo, C. melo var. utilissimus, C. melo var. 
momordica, C. sativus and C. vulgaris var. 
fistulosus. 
Anamorph euoidium type, conidiophores straight, 
unbranched, septate, 2-3 celled, 62.6 - 101.3 x 9.8 - 16.2 
urn; foot cell cylindrical, 37.2 - 66.2 x 10.2 - 16.9 urn, 
conidia in chain basipetal succession, ellipsoidal, oval to 
sub-spherical, 34.2 x 18.5 um (mean), L/B index 1.85, 
approximate length, breadth ratio 3:2 (Table 19; Fig.15). The 
species was identified as S. fuii^inea. 
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The anamorph of the powdery mildew present on C. 
grandis showed the following characters. 
Anamorph characters 
Host : C. grandis 
Anamorph euoidium type, conidiophores erect, 
unbranched, three celled, 81.5 - 170.2 x 11.6 - 14.7 urn, foot 
cell straight, cylindrical, 62-94.2 x 11.9-15.1, conidia in 
chain, basipetal succession, two or more fully formed conidia 
always remain intact at the apex of the chain, single celled, 
hyaline, thin walled barrel shaped with a tendency towards 
cylindrical shape, 35.5 x 15.2 um(mean), L/B index 2.33, the 
ratio of length: breadth approximately 2:1 (Table 19; 
Fig.16). The species was identified as E. cichoracearum. 
Fibrosin bodies and conidial germination 
Fibrosin bodies were well developed, discrete with 
variable shapes in conidia obtained from the cultivated 
cucurbits, but were conspicuously absent from the powdery 
mildew infecting C. grandis. Some conidia from cultivated 
cucurbits also lacked fibrosin bodies. Of 378 samples of 
cultivated cucurbits infected with powdery mildew, in 230 
samples, 89.40% conidia were found to posses fibrosin bodies. 
Fibrosin bodies were invariably present in all conidia of 
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remaining samples. The mean number of fibrosin bodies per 
conidium from the state was 6. (Tables 17, 18; Figs.12, 13, 
14). 
The mean per cent germination of conidia obtained from 
cultivated cucurbits was 74.76 and 48.86% germinating conidia 
produced forked germ tubes. None developed appressoria. The 
germ tubes emerged from the side walls of the conidia. The 
mean germination of conidia from C. grandis samples was 
71.47% and 65.48% germinating conidia produced appressoria. 
The germ tubes emerged apically/basally of the conidia. 
(Table 20; Figs. 17, 18). No development of forked germ tubes 
was observed. 
Response of host differentials 
li- siceraria inoculated with the powdery mildew 
obtained from all the cultivated cucurbits showed infection 
and characteristics symptoms developed. Perithecia were also 
formed on the leaves and stems of inoculated plants. 
Inoculation of C. grandis with powdery mildew from cultivated 
cucurbits did not result in infection. Conversely, the 
disease developed on C. grandis when inoculated with conidia 
obtained from C. grandis. Similar results were obtained from 
inoculation of leaf-discs (Table 21). 
On the basis of the studied characters, the powdery 
mildew fungi infecting the cucurbits in Bihar were 
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identified as S. fuliginea and E. cichoracearum (Table 22, 
23; Fig.4). Like Andhra Pradesh, S. fuliginea was wide-spread 
in the state infecting all the cultivated cucurbits 
encountered during the survey. E. cichoracearum was confined 
to C. grandis in the state. 
4.HIMACHAL PRADESH 
Occurrence of powdery mildew 
Some localities in the districts of Shimla and Solan of 
the state were surveyed in last week of April 1988. 
(Fig.5) L. siceraria, C. moschata, C. maxima, L. cylindrica, 
^' grandis, C. melo, C. melo var. utilissimus, C. melo var. 
momordica, C. vulgaris var. fistulosus were found infected 
with powdery mildew in the state during the survey (Table 
14). C. lanatus, M. charantia and T. dioica were not found 
cultivated in any locality of these two districts. Like other 
states. L. siceraria, C. moschata, C. melo and C. melo 
var. utilissimus were heavily infected cucurbits. C. maxima 
and C. melo var. momordica were found infected only in the 
localities of Solan district. In Shimla district, these 
crops were free from infection. 
Symptoms 
Characteristic symptoms of powdery mildew were 
conspicuous on leaves and stems. Small, white round, 
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HIMACHAL PRADESH 
S= Sphaerotheca fuliqinea 
E= Erysiphe cichoracearum 
SOLAN Local i t ies in the d i s t r i c t : 
1. Raitpur 
3 . Kufri 
5. Shimla 
7. Kandaghat 
9. Kasauli 
2. Narkanda 
4. Fagu 
6. Malyana 
8. Solan 
F i g . 5 . D i s t r i b u t i o n of S p h a e r o t h e c a f u l i q i n e a and 
E r y s i p h e c i c h o r a c e a r y m on c u c u r b i t s i n some 
d i s t r i c t s of Himachal P r a d e s h . 
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superficial spots were present on leaves. In heavily infected 
L. siceraria samples, entire foliage was covered with powdery 
mass. Both surfaces of leaves of L. siceraria and C. moschata 
were infected. Petioles, tendrils and fruits were free from 
infection. 
Like Bihar, teleomorph was not observed in any of the 
samples collected from the state. Anamorph was invariably 
present (Table 15). Mycelium was ectophytic in all samples. 
Anamorph characters 
Hosts: L. siceraria, C. moschata, C. maxima, L. cylindrica, 
C. melo, C. melo var. utilissimus, C. melo var. 
momordica, C. sativus, C. vulgaris var. fistulosus. 
Anamorph euoidium type, conidiophores straight, 2-3 
celled unbranched, septate, 58.8-99.5 x 9.1 - 15.4 um, foot 
cell cylindrical, 34.5-61.2 x 9.3 - 15.8 um; conidia in 
chain, basipetal succession, ellipsoidal and oval 29.2 x 15.8 
um (mean), L/B index 1.85, the approximate length: breadth 
ratio 3:2 (Table 19, Fig.15). 
The species was identified as S. fuliginea. C. 2randj.s 
also contained anamorph of the powdery mildew. The details of 
anamorph characters are as follows: 
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Anamorph characters 
Host: C. qrandls 
Anamorph euoidium type, conidiopheres erect, un-
branched, three celled, 82-160.5 x 9.2 - 13.1 um, foot cell 
straight, cylindrical, 61.3 - 91.2 x 11.4 - 14.5 um; conidia 
barrel-shaped with a tendency towards cylindrical, 32.9 x 
14.9 um (mean); L/B index 2.18, the ratio of length: breadth 
approximately 2:1 (Table 19; Fig.16). The species was identi-
fied as E. cichoracearum. 
Fibrosin bodies and conidial germination 
Conidia from all the cultivated cucurbits found 
infected contained well developed, discrete fibrosin bodies. 
Conversely, conidia from C. grandis were devoid of them. 
Among the 156 samples of cultivated cucurbits, all 
conidia from 105 samples did not show fibrosin bodies. The 
percentage of conidia containing fibrosin bodies in such 
samples was 84.16. In rest of the samples fibrosin bodies 
were invariably observed. The number of fibrosin bodies per 
conidium ranged from 2 to 10 with mean of 7 conidium. (Table 
17, 18, Figs.12, 13, 14). 
On germination, some conidia from the cultivated cucur-
bits produced simple and others forked germ tubes. The mean 
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per cent germination was 77.90 and 49.59% germinating conidia 
produced forked germtubes (Table 20; Fig.17). The germtubes 
did not develop appressoria. The germ tubes emerged from the 
side walls of the conidia. 
Conidia from C. grandis on germination produced only 
simple germ tubes which eventually developed club-shaped 
appressoria. Conidial germination was 81.50% and 63.2% 
germinating conidia showed appressorial development. The germ 
tubes emerged apically/basally of the conidia. (Table 20, 
Fig.18). 
Response oE host differentials 
The response pattern of host differentials, L. 
siceraria and C. grandis to the powdery mildew from the state 
was same as observed for Andhra Pradesh, Assam and Bihar. 
The inocula from cultivated cucurbits infected L. siceraria 
but not C. grandis. On the other hand, inocula from C. 
2rand_is^  infected only C. grandis and not L. siceraria. The 
disease developed on C. grandis when inoculated with conidia 
obtained from C. grandis, but no disease development was 
observed on L. siceraria when inoculated with same inoculu 
(Table 21). The characters of pathogens were matched with 
those present in the samples from where the inoculations were 
done. 
m 
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The symptoms, the mode o£ parasitism, studied 
characters of anamorph and response of host differentials 
in inoculation test led to the identification of the powdery 
mildew fungi infecting the cucurbits in state (study 
area) as S. fuliqinea and E. cichoracearum (Table 22, 
23). S. fuliqinea was overdominant species infecting all the 
cultivated cucurbits. E. cichoracearum infected C. grandis 
on 1 y. 
5.KARNATAKA 
Occurrence of powdery mildew 
Bangalore, Kolar, Mandya and Mysore surveyed for 
powdery mildew on cucurbits in the state. Survey was 
conducted in first weel< of April 1988 (Fig.6). The cucurbits 
enlisted in Table 14 were encountered during the survey. 
All the cucurbits except C. lanatus were found 
infected. L. siceraria and C. moschata were heavily infected. 
C. maxima was free from infection in all the localities of 
Mysore and Mandya districts. L. cylindrica and C. grandis in 
Mysore, Kolar and Mandya district; C. sativus in Mysore and 
Kolar districts; and C. vulgaris var. fistulosus in Kolar and 
Mandya districts were free from infection, 
S^ptoms 
Characteristic symptoms were observed on leaves and 
stems of the infected cucurbits. Small, white, round. 
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Fig. 6. Distribution of Sphaerotheca fuliginea and 
Erysiphe cichoracearum on cucurbits in some 
districts of Karnataka. 
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superficial spots were prominent on the both surfaces of the 
leaf lamina and on petioles and stems. Tendrils and fruits 
were not infected. No sample of the cucurbits contained 
teleomorph. 
Anamorph invariably present in the samples were 
therefore, accounted for identification of the powdery mildew 
(Table 15). Their characters are given below: 
Anamorph characters 
Hosts: L. siceraria C. moschata, C. maxima, L. cylindrica, 
C. melo, C. melo var. utilissimus, C. melo var. 
momordica, C. sativus, C. vulgaris var. fistulosis. 
Anamorph euoidium type, conidiophores 3 celled, 
straight, unbranched, septate, 56.6 - 90.4 x 8.9 - 15.4 um, 
foot cell cylindrical, 33.4 - 61.3 x 9.1 - 15.8 am; conidia 
in chains, basipetal succesion, ellipsoidal and oval, 28.8 x 
15.2 um(mean), L/B index 1.89, approximate length : breadth 
ratio 3:2 (Table 19, Fig.15). 
C. grandis and some cultivated cucurbits also contained 
anamorph only. The characteristics of anamorph are described 
below: 
Anamorph characters 
Hosts: C. arandis and some cultivated cucurbits (eg. c. 
moschata, C. maxima and C. melo) 
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Anamorph euoidium type, conidiophores erect, 
unbranched, three celled, 76.6 - 158 x 10.5 - 12.5 um, Eoot 
cell more or less straight, cylindrical, 55-86.2 x 10.8 
13.2 iim, conidia in chain, basipetal succesion, conidia 
barrel shaped with a tendency towards cylindrical, 32.4 x 
14.5 um (mean); L/B index 2.22, indicating the approximate 
length: breadth ratio 2:1 (Table 19; Fig.16). 
Fibrosln bodies and conidial germination 
Of 283 infected samples of cultivated cucurbits 
examined from the state, 183 showed some conidia without 
fibrosin bodies, where as in 70 samples fibrosin bodies were 
invariably present in all the conidia (Table 17; Fig.12). 
Fibrosin bodies were well developed, conspicuous and 
discrete. In the samples, where all conidia did not contain 
fibrosin bodies, percentage of fibrosin bodies containing 
conidia was 94.92. The fibrosin bodies per conidium ranged 
between 3 and 8, with mean of 6 per conidium (Table 18, Figs. 
13, 14). The powdery mildew infecting C. grandis and C. 
moschata, C. maxima and C, melo in a few localities was 
conspicuous in absence of fibrosin bodies from conidia. 
Conidia from most of the samples of cultivated cucurbits 
produced either simple or forked germ tubes, with 81.17% 
germination. Of the germinating conidia 49.60% produced 
100 
forked germ tubes. Appressorial development did not occur. 
The germ tubes emerged from tjie side walls of the conidia. 
Conidia from C. grandis from all the localities and some 
cultivated cucurbits like C. moschata, C. maxima and C. melo 
collected from a few localities, on germination produced only 
simple germ tubes which later developed club-shaped 
appressoria. The conidial germination was 81.63% and 65.54% 
germinating conidia showed appressorial development. The germ 
tubes emerged apically/basally of the conidia. (Table 20; 
Fig.18). 
Response of host differentials 
When L. siceraria was inoculated with the powdery 
mildew obtained from most of the cultivated cucurbits except 
some samples of C. moschata, C. maxima and C. melo collected 
from three localities of the state, infection occurred. 
Conversely, no infection occurred on C. grandis when the same 
inoculum sources were used for inoculation. C. grandis became 
infected when inoculated with conidia obtained from C. 
grandis and from some samples of C. moschata, C. maxima and 
C. melo. Perithecia were formed on C. grandis and their 
examination exhibited characteristics of E. cichoracearum. 
In contrast, no infection occurred on L. siceraria with these 
inoculum sources (Table 21). 
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The species spectrum o£ the powdery mildews on 
cucurbits thus showed that S. £uliginea and E. cichoracearum 
were present on cucurbits in the state (Tables 22, 2 3; 
Fig.6). S. fuliginea was wide-spread and overdominant species 
infecting almost all cultivated cucurbits. E. cichoracearum 
was responsible for the disease on C. grandis and also 
infected some cultivated cucurbits like C. moschata, C. 
maxima and C. melo in some area, a situation comparable to 
Assam. 
6. NAOHYA PRADESH 
Occurrence of powdery mildew 
In the state of Madhya Pradesh viz., Gwalior, Satna, 
Jabalpur and Shahdol were surveyed in the second week of 
December 1986 (Fig.7). All the four cucurbits (Table 14) 
encountered during the survey, were found infected with 
powdery mildew. L. siceraria and C. moschata were heavily 
infected in all the localities. L. cylindrica and C. grandis 
were also found infected. The disease was, however, not 
found on L. cylindrica in the localities of Satna district. 
Symptoms 
Characteristic powdery growth either in the form of 
circular lesions or covering the entire surface of leaves and 
stems, depending upon the severity of the infection were 
observed. 
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No sample from the state contained teleomorph (Table 
15). The anamorph characters observed on the cultivated 
cucurbits and on C. grandis are generalized below separately. 
The mycelium was invariably ectophytic in all the samples 
collected from the state. 
Anamorph characters 
Hosts: L. siceraria, C. moschata and L. cylindrica. 
Anamorph euoidium type, conidiophores straight 2-4 
celled, unbranched, septate 57.2 - 103.5 x 9.6-16.4 urn; foot 
cell cylindrical, 36.4 - 62.4 x 10.2-16.8 um; conidia in 
chain, basipetal succession, ellipsoidal and oval in shape, 
30.4 X 16.8 (mean) L/B index 1.81, approximate length: 
breadth ratio 3:2 (Table 19; Fig.15). The species was 
identified as S. fuliginea. 
Anamorph characters 
Hosts C. grandis 
Anamorph euoidium type, conidiophores erect, 
unbranched, three celled, 81.5 - 164.8 x 11.5 - 14.1 um, foot 
cell straight cylindrical, 64.2-93.8 x 11.9- 14.8 um, conidia 
in chain, basipetal succession conidia barrel shaped, 34.5 x 
15.2 um (mean); L/B index 2.27, the ratio of length: breadth 
was approximately 2:1 (Table 19, Fig.16). The species was 
identified as E. cichoracearum. 
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Fibrosin bodies and conidial germination 
Well developed fibrosin bodies were present in 
conidia of the powdery mildew infecting L. siceraria, C. 
moschata and L. cylindrica regardless of the locality of 
collection. The conidia of powdery mildew infecting C. 
grandis lacked well developed fibrosin bodies. 
Out of 262 samples of cultivated cucurbits examined 
from the state 182 showed some conidia without fibrosin 
bodies (Table 17, Fig.12). The percent occurrence of fibrosin 
bodies in conidia in such samples was 88. The number of 
fibrosin bodies per conidium ranged from 3 to 10 with mean of 
7 (Table 18, Figs.13, 14). 
The mean per cent germination of conidia from the 
cultivated cucurbits was 59.60. They produced simple or 
forked germ tubes. The germ tubes emerged from the side walls 
of the conidia. The percentage of conidia producing, forked 
germtubes was 41.31. No appressorial development occurred. 
Conidia from C. grandis produced only simple germ tubes. 
Later club shaped appressoria developed. The germ tubes 
emerged apically/basa1ly of the conidia. The per cent 
conidial germination was 65.27 and 64.91% germinating conidia 
formed appressoria (Table 20, Fig.17,18). 
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Response o£ host diffierentials 
The response of L. siceraria and C. grandis, the 
differential hosts was similar to those observed for other 
states like Andhra Pradesh, Assam, Bihar, Karnataka and 
Himachal Pradesh. The inocula from the cultivated cucurbits 
infected L. siceraria and from C. grandis infected C. grandis 
only (Table 21). 
Based on the observations, it was ascertained that the 
powdery mildew species involved in causation of powdery 
mildew disease on cucurbits in state were S. fuliginea and E. 
cichoracearum (Table 22,23, Fig.7). S. fuliginea was causing 
the disease on L. siceraria, C. moschata and L. cylindrica 
cultivated cucurbits. E. cichoracearum was the causal 
organism of powdery mildew on C. grandis. 
7. RAJASTHAN 
Occurrence of powdery nlldew 
Some localities in the districts of Jaipur and Ajmer of 
the state of Rajasthan were surveyed in last week of March 
1987 (Fig. 8) L. siceraria, C. moschata, L. CYJJ.ndrj.ca, C. 
grandis, c. sativus, M. charantia, C. vulgaris var. 
fistulosus and C. lanatus were the cucurbits found growing 
during the survey (Table 14). M. charantia and C. lanatus 
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Fig. 8. Dis t r ibut ion of Sphaerotheca ful iginea and 
Erysiphe cichoracearum on cucurbits in some 
d i s t r i c t s of Rajasthan. 
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were free from powdery mildew disease in all the localities 
surveyed. All other cucurbits were infected in one or the 
other locality. L. siceraria and C. melo var. utilissimus 
showed infection in all the localities. C. grandis was 
infected only in one locality of Jaipur district. C. vulgaris 
var. fistulosus was free from infection in Ajmer district. 
Symptoms 
Small, round, powdery spots were present on leaves. On 
heavily infected cucurbits entire leaf surface was covered 
with powdery mass. Stems were also infected. Both surfaces of 
leaf of L. siceraria and C. melo var. utilissimus were 
infected. Petioles, tendrils and fruits were free from 
infection. 
All the samples from infected cucurbits showed only 
anamorph (Table 15). The details of anamorph are described 
below. 
Anamorph euoidium type, conidiophores straight, 
unbranched, septate, 3-celled, 56.8 - 101.9 - 9.7-16.1 um, 
foot cell cylindrical 35.8 - 60.2 x 10.1 - 16.5 um, conidia 
in chain, basipetal succession, ellipsoidal and sub-
spherical, 31.2 X 16.8 um (mean), L/B index 1.86, the 
approximate length: breadth ratio 3:2 (Table 19; Fig.15). 
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Anamorph characters 
Host: C. grandis 
Anamorph enoidium type, conidiophores erect, 
unbranched, three celled, 78.9-157.4 x 10.8-13.7 um, foot 
cell straight, cylindrical, 61.4 - 92.5 x 11.2 - 14.2 um, 
conidia barrel shaped with a tendency towards cylindrical, 
mean length and breadth 33.2 x 14.8 um, L/B index 2.24 the 
ratio of length: breadth approximately 2:1 (Table 19; 
Fig.16). 
Fibrosin bodies and conidial germination 
Conidia of powdery mildew obtained from the cultivated 
cucurbits irrespective of locality contained well developed 
fibrosin bodies, which were conspicuously absent from conidia 
of powdery mildew infecting C. grandis. Of 267 samples of 
cultivated cucurbits examined, in samples 93% conidia 
contained fibrosin bodies. In other 82 samples fibrosin 
bodies were present in all the conidia. The.mean number of 
fibrosin bodies per conidium was 7; ( Table 17, 18; 
Figs.12, 13, 14). 
The conidia from cultivated cucurbits showed 81.80% 
germination and 52% germinating conidia produced forked germ 
tubes. The remaining ones formed simple germtubes. No 
appressorial development was recorded. The germ tubes emerged 
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from the side walls of the conidia. Per cent germination at 
conidia from C. grandis was 82.76, all produced simple germ 
tube and 64.32% germinating conidia developed appressoria. 
The germ tubes emerged apically/basally of the conidia. 
(Table 20? Figs. 17, 18). 
Response of host differentials 
The trend in response of the differential hosts, L. 
siceraria and C. grandis to the powdery mildew collections 
from the state of Rajasthan were similar to those observed 
for other states (Table 21). 
S. fuliginea and E. cichoracearum were identified as 
the species infecting the cucurbits (Table 22, 23; Fig.8). 
The powdery mildew on the cultivated cucurbits was identified 
as S. fuliginea and on C. grandis as E. cichoracearum. 
8. TAMIL NADU 
Occurrence of powdery mildew 
The study area which included 3 districts of Tamil Nadu 
and the Madras city area showed the cultivation of L. 
_siceraria, C. moschata, C. maxima, L, cylindrica, C. melo, C. 
ml2 var. utilissimus, C. melo var. momordica, C. sativus, C. 
XHi3a£il var. fistulosus and C. lanatus at the time of 
survey. c. grandis was also found growing widely. L. 
siceraria and C. moschata were heavily infected cucurbits. C, 
no 
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Fig. 9. Distribution of Sphaerotheca fuliqinea and 
Erysiphe cichoracearum on cucurbits in some 
districts of Tamil Nadu. 
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xima, L. cylindrica and C. lanatus were not found 
cultivated in Salem district. C. grandis were not found 
cultivated in Madras city area. C. sativus was found in one 
locality in Madras city area. C. sativus was found in one 
locality of Salem district but the crop showed no infection. 
L. cylindrica and C. lanatus were also not grown in 
Chengalpattu district. C. melo var. momordica was not in 
cultivation in localities of Dharampuri district. 
Symptoms 
Characteristic symptoms of powdery mildew were present 
on leaves and stems. Tiny, white, round, superficial spots 
were present on leaves. Powdery growth was prominent on both 
surfaces of leaves and on petioles and stems. Tendrils and 
fruits were not found infected. 
Teleomorphs were observed on L. siceraria in one 
locality of Chengalpattu district and one in Salem district 
and on C. grandis in one locality of Chengalpattu district 
(Table 15). The characteristics of anamorph and teleomorph 
are described below separately for both cultivated cucurbits 
and C. grandis 
Anamorph characters 
Hosts: L. siceraria^ C. moschata, C. melo var. C. maxima, 
^- ml£, L. ciaindrica, C. me]_o var. momordica, C. 
Xylaaiis var. fistulosus. 
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Anamorph characters 
Anamorph euodium type, conidiophores straight, 
unbranched, septate 3-celled, 61.8-92.9 x 9.6 - 16.4 um; 
foot cell cylindrical, 35.9 - 64.7 x 9.8 - 16.2 urn; conidia 
in chains, basipetal succesion, ellipsoidal, oval to sub-
spherical in shape, 29.2 x 14.9 um (mean); L/B index 1.84; 
approximate length: breadth ratio 3:2 (Table 19, Fig.15). 
Teleomorph characters 
Host: L. siceraria 
Teleomorphs more on leaves than on stems, scattered to 
densely gregarious, 68 - 110 um in diameter. Appendages 
variable in number and mycelioid, single ascus, broadly 
elliptical to subglobose, 59-90 x 31-62 um in size; 8 
ascospores, ellipsoid to nearly spherical, 18-22 x 13-21 um 
(Table 19). The species infecting the cultivated cucurbits 
was identified as S. fuliginea (Table 22). 
Anamorph characters 
Host: C. grandis 
Anamorph euodium type, conidiophores erect, unbranched 
three celled, 82-169.2 x 11.8 - 14.2 um, foot cell more or 
less straight, cylindrical, 61.6 - 92.4 x 11.4 - 14.8 um,; 
conidia in basipetal succession, born in chains, barrel-
shaped with a tendency towards cylindrical, 32.4 x 14.6 um 
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(mean); L/B index 2.22, t he ratio of length: breadth 
approximately 2:1 (Table 19; Fig.16). 
TeleoBorph characters 
Host: C. qrandis 
Perithecia restricted to stems being scattered, 90-130 
urn in diameter, mycelioid appendages, 10-25 oval asci, 70-102 
X 24 - 66 um in size, 2 ascospores in each ascus, 20-30 x 12 
17.5 um (Table 16). On the basis of above characters of 
anamorph and teleomorph on C. grand is, the powdery mildew 
species involved in the disease was identified as E. 
cichoracearum (Table 22). 
Fibrosin bodies and conidial germination 
Of 260 samples of cultivated cucurbits infected with 
powdery mildew examined from the state, 198 showed some 
conidia without fibrosin bodies, where as in 62 samples 
fibrosin bodies were invariably present in all conidia. 
Fibrosin bodies were well developed, conspicuous and 
discrete. In 198 samples, where all conidia did not contain 
fibrosin bodies, percentage of fibrosin bodies containing 
conidia was 83.72. The fibrosin bodies per conidium ranged 
between 7 and 9 with mean of 8 per conidium (Tables 
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17, 18, Figs, 12, 13, 14). Fibrosin bodies were conspicuously 
absent from conidia of powdery mildew infecting C. grandis. 
The mean percent germination of conidia obtained from 
samples of cultivated cucurbits was 79.36 and 42.91% 
germinating conidia produced forked germ tubes. None 
developed appressoria. The germ tubes emerged from the side 
walls of the conidia. The mean germination of conidia from C. 
grandis samples 74.81% and 68.31% germinating conidia 
developed distinct club shaped appressoria. No development of 
forked germ tubes was observed. The germ tubes emerged 
apically/basally of the conidia. (Table 18, Figs. 17, 18). 
Response of host differentials 
The trend in response of d.i f ferential hosts, L. 
siceraria and C. grandis to the powdery mildew collections 
from Tamil Nadu were similar to those observed for other 
states (Table 21). 
Taking into account, the symptoms, the mode of 
parasitism, the studied characters of teleomorphs and 
anamorphs and response of host differentials in inoculation 
test, the powdery mildew species infecting cucurbits in the 
state were identified as S. fuiialnea and E. cichoracearum 
(Tables 22, 23). S. fuliginea was widespread and overdominant 
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infecting all the cultivated cucurbits found infected during 
the survey. E. cichoracearum was restricted to C. grandis. 
9. UNION TERRITORY OF DELHI 
Occurrence of powdery mildew 
Some localities around Delhi were surveyed in first 
week of May 1987 (Fig.10). The cucurbits encountered during 
the survey are listed in Table 14. All the cucurbits except 
C. lanatus were found infected. L. siceraria and C. moschata 
were infected in all the localities and were most severely 
infected among others. Incidentally, C. grandis was not found 
infected in any locality. 
Symptoms 
Characteristic symptoms of powdery mildew were 
conspicuous on leaves and stems. Small, white, round, 
superficial spots were present on leaves. In heavily infected 
h- siceraria samples, entire foliage was covered with powdery 
mildew mass. Both surfaces of leaves of L. siceraria and C. 
moschata were infected. Petioles, tendrils and fruits were 
free from infection. 
Teleomorphs were not observed in any of the samples 
(Table 15). The anamorph characters studied are summarized 
below. 
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DELHI 
Sr Sphaefotheca luliginga 
Localities in the district: 
1. Shahadra 
3. New Yamuna bridge 
5. Najafgarh 
2. Silampur 
4. Yamuna Bazar 
Fig. 10. Distribution of Sphaerotheca fuliginea on 
cucurbits in Union territory of Delhi. 
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Anamorph characters 
Hosts: L. siceraria, C. moschata, L. cylindrica, C. melo, C. 
m^lo var. utilissimus, C. sativus and C. vu^arj,s var. 
fistulosus. 
Anamorph euoidium type, conidiophores straight, 
unbranched, septate, 3-celled, 58.9-98.5 x 9.4-16.5 urn, foot 
cell cylindrical, 34.2-60.5 x 9.8-16.2 urn, conidia in 
chains, basipetal succesion, ellipsoidal, oval to sub-
spherical, 29.6 X 15.9 um, L/B index 1.86 the approximate 
length: breadth ratio 3:2 (Table 19; Fig.15). 
Flbrosin bodies and conidial germination 
Well developed fibrosin bodies were present in the 
conidia of powdery mildew samples of all the cultivated 
cucurbits. Of 136 samples of cultivated cucurbits studied, 
the percent occurrence of fibrosin bodies in conidia was 94 
in 94 samples. In the remaining samples; occurrence of 
fibrosin bodies was 100%. The average number of fibrosin 
bodies per conidium was 8 (Tables 17, 18; Figs. 12, 13, 14). 
Conidial germination was 82.94% conidia produced either 
simple or forked germ tubes. Forking of germ tubes was 51.28. 
None of them developed appressoria. The germ tubes emerged 
from the side walls of the conidia. /Table 20, Figs. 11, 18). 
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Response of host differential 
Inoculation of L. siceraria and C. grandis with the 
powdery mildew from the various samples resulted in infection 
on L. siceraria only. No perithecial development occurred on 
inoculated plants in the glasshouse (Table 21). 
S. fuliginea was, therefore, identified as the causal 
organism of the powdery mildew on the cucurbits in the Union 
Territory of Delhi (Tables 22, 23, Fig.10). E. cichoracearum 
which was present on C. grandis in most of the states was 
however, not found. 
10. Uttar Pradesh 
Occurrence of powdery mildew 
Surveys ware conducted in some localities of Agra, 
Bulandshahr, Aligarh, Moradabad, Rampur, Budaun, Kanpur, 
Etawah, Sitapur, Shahjahanpur and Bareilly districts in the 
state of Uttar Pradesh. Agra, Bulandshahr, Aligarh, Kanpur 
and Etawah districts were surveyed in second week of January 
1988 while Moradabad, Rampur, Budaun, Sitapur, Shahjahanpur 
and Bareilly were surveyed in last week of May 1988 
(Fig.11). L. siceraria, C. moschata, C. maxima, L. 
cylindrica, C. grandis, C. melo, C. melo var. utilissimus, C. 
melo var. momordica, C. _sativus, C. lanatus, M. charantia, C. 
vuiaaris var. listuiosus and B_^  hisfiida were observed growing 
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Fig. 11, Distribution of Sphaer6theca fuliginea and Eryslphe 
cichoracearum on cucurbits In some dlstrlcs of 
Uttar Pradesh. 
120 
during the surveys. C. lanatus, M. charantia and B. hispida 
were Eree from infection (Table 14). L. siceraria, C. 
moschata and C. grandis were most heavily infected. L. 
siceraria was infected in all localities of the districts. L. 
cylindrica was not infected in Etawah district, C. sativus in 
Kanpur district, C. vulgaris var. fistulosus in Aligarh, 
Agra, Bareilly, Bulandshahr, Etawah, Kanpur, Shahjahanpur and 
Sitapur districts. C. melo var. momordica in Aligarh, Agra, 
Bulandshahr, Bareilly and Rampur districts were not 
infected. All the infected cucurbits showed characteristic 
symptoms of the disease. Leaves were invariably infected. 
Infection of stem in L. s iceraria and C. grandis were also 
found. 
Symptoms 
White fluccose, tiny, round spots were invariably 
present on infected parts of cucurbits. Spots were discrete 
on some leaves or stems. Entire foliage was covered with 
powdery mass in case of severe infection. Both surfaces of 
leaves of L. siceraria and C. moschata and L. cylindrica were 
infected. Petioles and tendrils were found infected. Fruits 
were free from infection. 
Both anamorph and teleomorph were found in the samples 
of cucurbits infected with powdery mildew (Table 15). 
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Teleomorphs were present on stems and leaves oE L. siceraria, 
C. tnoschata, C. sativus, C. melo and C. grandis. Teleomorphs 
were present on L. siceraria, C. sativus and C. melo in 
Aligarh district and on C. moschata in Agra district. On C. 
grandis teleomorphs were observed in Agra, Aligarh and 
Bulandshahr districts. Characteristics of anamorph and 
teleomorph are described below: 
Anamorph characters 
Hosts:L. siceraria, C. moschata, L. cylindrica, C. melo, 
C. sativus, C. melo var. utilissimus, C. melo var. 
momordica, C. vulgaris var. Eistulosus. 
Anamorph euoidium type, conidiophores straight, 
unbranched, septate, 3-4 celled 63.9-112.5 x 10.4-17.1 jum, 
foot cell cylindrical, 37.2-67.5 x 10.8-17.8 um; conidia in 
chain, basipetal succession, oval to sub-spherical, 31.8 x 
16.9 um, L/B index 1.88, the approximate length: breadth 
ratio 3:2 (Table 19, Fig.15). 
Teleomorph characters 
Hosts: L. siceraria, C. moschata, C. sativus, C. melo 
Perithecia were scattered to densely gregarious, 
brown to dark, globose to sub-globose, 70-99.2 um in 
diameter on L. siceraria, 65 - 96.2 um on C. moschata, 61-
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9 7.8 nm on C. sativus and 63.4- 98.4 jam on C. melo. 
Appendages mycelioid, brown, septate, variable in number and 
length. Each perithecium contained single broadly 
elliptical to subglobose ascus. Asci of perithecia obtained 
from L. siceraria measured 56.8 - 89.2 x 31-62 urn; from C. 
moschata 55.3-82.5 x 28.2-58.2 urn; from C. sativus 5 4.8-80.5 
X 27.4-57 um and from C. melo 54.7 - 84.2 x 26.8 - 56.4 um. 
Each ascus contained 8 ellipsoidal to spherical ascospores 
measuring 16-22 x 9.9 - 20 iim (L. siceraria) , 16.2-21.4 x 
10.2-26.2 um (C. moschata), 16.6 - 20.8 x 11.2 - 21.5 (C. 
sativus) 17-20.8 x 14-18.2 um (C. melo) (Table 16). Based on 
these characters of anamorph and teleomorph present on L. 
siceraria, C. moschata, C. sativus and C. melo the powdery 
mildew species causing disease on cultivated cucurbits was 
recognized as S. fuliginea (Table 22). 
Anamorph characters 
Host: C. grandis 
Anamorph euoidium type, conidiophores erect, un-
branched, three celled, 82.4 - 170.9 x 11.5-15.2 um, foot 
cell more or less straight, cylindrical, 62.5 - 99.2 x 11.9 
15.9 um, conidia in chain, basipetal succession, barrel-
shaped with a tendency towards cylindrical mean length and 
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breadth 33.2 x 14.8 um; L/B index 2.24, the ratio of length: 
breadth approximately 2:1 (Table 19, Fig.16). 
Teleomorphs were also observed on C. grandis in two 
localities of Aligarh district, one of Agra and one of 
Bulandhshar. They were present on leaves and stems. 
Teleomorph characters 
Host: C. grandis 
Perithecia brown, globose, 94-172 um in diameter, 
mycelioid appendages, simple or sometime branched, brown, 
variable in number and length. Each perithecium contained 12-
27 asci, each ascus was oval, 6.8-99x22-64 jam in size, 2 
ascospores in each ascus and rarely 3 ascospores in each 
ascus, 21-32 x 14-19.2 jum in size (Table 16). On the basis 
of these characters the powdery mildew species were 
recognised as E. cichoracearum on C. grandis in the state 
(Table 22). Mycelium was ectophytic in all the samples of 
cucurbits infected with powdery mildew collected from the 
different localities of the Uttar Pradesh. 
Fibrosin bodies and conidial germination 
Conidia of the samples of cultivated cucurbits 
irrespective of locality possessed well developed fibrosin 
bodies. Of the 439 samples of cultivated cucurbits from the 
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state, 310 samples showed some conidia without fibrosin 
bodies. In such samples per cent occurrence was 91. In the 
rest of the samples all conidia contained fibrosin bodies. 
The fibrosin bodies per conidium was 9 (Tables 17, 18; Figs. 
12, 13, 14) . 
The conidia from cultivated cucurbits produced simple 
or forked germ tube on germination. The germination was 
70.91% and 42.12% germinating conidia produced forked germ 
tubes. None of them developed appressoria. The germ tubes 
emerged from the side walls of the conidia. The conidia from 
the C. grandis samples produced simple germ tubes which 
developed club shaped appressoria.. The conidial germination 
was 73.42% and 62.25% germinating conidia showed appressorial 
development. The germ tubes emerged apically/basally of the 
conidia. (Table 20). 
Response of host differentials 
The response pattern of the differential hosts L. 
siceraria and C. grandis to the powdery mildew collection was 
similar to those of other states. Infection on L. siceraria 
occurred only when inoculated with the powdery mildew inocula 
from cultivated cucurbits. C. grandis became infected only 
when inoculated with the inoculum from C. grandis (Table 21). 
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Based on these characteristics, S. fuliqinea infecting 
cultivated cucurbits, E. cichoracearum infecting C. grandis 
were identified as causal species of the disease in the state 
(Tables 22, 23, Fig.11). S. fuliqinea with its wide host 
range and distribution was dominant. 
OVERALL ASSESSMENT 
In the areas included in the study in the states of 
Andhra Pradesh, Assam, Bihar, Himachal Pradesh, Karnataka, 
Madhya Pradesh, Rajasthan, Tamil Nadu, Uttar Pradesh and 
Union territory of Delhi, cucurbits were found to be infected 
with two powdery mildew species viz. S. fuliqinea and E. 
cichoracearum. S. fuliginea was encountered in all the 
states. E. cichoracearum was also present in all the states 
except in the Union territory of Delhi (Tables 22, 23). 
The identity was determined mainly on the characters of 
anamorph of the species. When teleomorph was present their 
characteristics were accounted. Fibrosin bodies test and 
germination test results and response of host differentials 
supplemented the identity determinants. S. fuliqinea was most 
commonly encountered on all the cultivated cucurbits found 
infected during the study. 
Bottlegourd (L. siceraria), pumpkins (C. moschata. C. 
maxima), sponge gourd (L. cylindrica). muskmelon (c. melo), 
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longmelon (C. melo var. utilissimus), snapmelon (C. melo var. 
motnordica) and 'tinda' (C. vulgaris var. Eisbulosus) were 
found infected with S. fuliqinea. It was present on L. 
siceraria, C. moschata, L. cylindrica in all the states. On 
C. maxima in Bihar, Madhya Pradesh, Rajasthan, Union 
territory of Delhi and Uttar Pradesh; on C. melo var. 
momordica in Madhya Pradesh, Rajasthan and Union territory of 
Delhi; on C. melo, C. melo var. utilissimus in Madhya 
Pradesh, and on C. vulgaris var. fistulosus in Madhya Pradesh 
and Uttar Pradesh it was not encountered. E. cichoracearum 
was commonly encountered on C. grandis but in some states it 
was found infecting cultivated cucurbits like muskmelon (C. 
melo) and pumpkim (C. moschata and C. maxima) in Karnataka 
and Assam. In Karnataka E. cichoracearum was found on C. 
melo, (Table 22). C. moschata and C. maxima and in Assam only 
on C. melo. Thus in these two states, these cultivated 
cucurbits were found infected with both the species of 
powdery mildew. 
In over all assessment, S. fuliginea was mainly 
responsible for the disease in the states. Conversely E. 
cichoracearum was responsible for the disease on C. grandis, 
a wild cucurbits. in addition, it also infected some 
cultivated cucurbits like C. moschata. C. maxima and C. melo 
in Karnataka and Assam. 
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When the data on the distribution of S. Euliginea and 
§• cichoracearum were analysed in order to determine their 
occurrence in different agro-ecological zones of the country, 
it emerged that both species were present in all the six 
agro-ecological zones of India namely Humid Western Himalay-
an, Humid Bengal-Assam Basin, Sub-humid Sutlej Ganga Alluvial 
Plains, Sub-humid to the Humid Eastern and South Eastern 
Uplands, Arid Western Plains and Humid to Semi-Arid Western 
Ghats and Karnataka Plateau. Studies were not undertaken in 
two agro-ecological zones of India viz. Humid Eastern Hima-
layan Region and Bay Islands and Semi-Arid Lava Plateau and 
Central High lands (Table 24). The association of the 
species with the cucurbits showed that S. fuliginea was 
associated with cultivated cucurbits in all the six zones. E. 
cichoracearum was found on C. grandis in all six zones and on 
few cultivated cucurbits in zone II and VIII (Table 24). 
In general cultivated cucurbits were attacked by S. 
fuliginea and C. grandis by E. cichoracearum. But in Humid 
Bengal-Assam Basin and Humid to semi-Arid Western Ghats and 
Karnataka Plateau some cultivated cucurbits were also 
attacked by both the species. In Humid Bengal-Assam Basin C. 
meJ.o and in Semi-Arid Western Ghats and Karnataka Plateau C. 
moschata, C. maxj.ma and C. melo were attacked by both the 
species. (Table 24). 
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Consistency in conidial characters 
Some anamorph characters such as ectophytic nature of 
mycelium, morphology of conidiophores in relation to 
branching, arrangement of conidia on conidiophores, shape of 
conidia, dimensions of conidiophores and conidia, 
length/breadth (L/B) index, presence or absence of well 
developed fibrosin bodies in conidia, morphology of germ tube 
and development of appressoria and point of emergence of germ 
tube on conidium were examined for their consistency in the 
samples of cucurbits infected with powdery mildew collected 
from various states in India. The main objective of this 
observation was to determine the reliability of these ana-
morph characters for using them in identification of powdery 
mildew species infecting cucurbits, since anamorph appears 
regularly and teleomorph rarely develop. The observations 
made for each characteristic are given below: 
1. Myceliun: In general, mycelium was ectophytic 
irrespective of the locality or state or the infected cucur-
bit involved. This character was therefore, common in all the 
samples examined and identified as S. fuliginea or E. 
cichoracearum. In Leveillula taurica which also infects 
cucurbits, mycelium is endophytic. Therefore, on the basis 
of ectophytic nature of mycelium the possibility of L. 
taurica causing powdery mildew in a given case can be 
eliminated. 
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2. Conidiophores: The conidiophores in all the samples of 
cucurbits infected with powdery mildew were invariably un-
branched, septate with cylindrical foot cell. This character 
was also common in all the samples examined and identified as 
S. fuliginea and E. cichoracearum. Conidia were born in chain 
in basipetal succession on conidiophores. Though these 
characters were common to S. fuliginea and E. cichoracearum, 
the possibility of involvement of L. taurica was eliminated 
where conidiophores are branched emerging through stomata, 
bearing conidia singly at the tips of branches. 
3. Fibrosin bodies: The data presented in Tables 17 and 18 
show that fibrosin bodies were invariably present in the 
conidia of powdery mildew in all the samples of cultivated 
cucurbits. Fibrosin bodies were well developed, discrete and 
easily distinguishable. Fibrosin bodies were, however, not 
present in all the conidia of all the samples of cultivated 
cucurbits (Figs. 12, 13, 14). A number of conidia in some of 
the samples were devoid of fibrosin bodies. Of all the 2707 
samples of cultivated cucurbits collected from different 
states examined, 1860 showed some conidia without fibrosin 
bodies whereas in 847 samples fibrosin bodies were invariably 
present in all the conidia. 
In samples where all conidia did not possess fibrosin 
bodies, a high percentage contained them. The per cent occur-
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rence ranged from 83.72 to 94.00. Number of fibrosin bodies 
per conidium also varied. Average number of fibrosin bodies 
per conidium in various states ranged between 6 and 9. 
Conidia of E. cichoracearum infecting C. grandis and some 
cultivated cucurbits in Karnataka and Assam did not contain 
well developed fibrosin bodies. The presence of fibrosin 
bodies in all conidia or in a fairly large number from 
conidia and their complete absence in conidia of E. 
cichoracearum showed that this character is of great 
taxonomic value and is useful and reliable for identification 
of S. fuliginea and E. cichoracearum infecting cucurbits. 
4. Shape and Size of conidia: Shape and size of conidia 
studied in all the samples of infected cucurbit showed 
consistency and were found to be of taxonomic importance. 
a. Shape: Shape of conidia in different collections from the 
states of Andhra Pradesh, Assam, Bihar, Himachal Pradesh, 
Karnataka, Madhya Pradesh, Rajasthan, Tamil Nadu, Union 
territory of Delhi and Uttar Pradesh showed a great degree of 
consistency. Conidia from all the samples of cultivated 
cucurbits, except a few samples of C. moschata, C. maxima and 
C. melo collected from Karnataka and Assam, were ellipsoidal. 
The species involved in the disease was eventually identi-
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fied as S. fuliginea. On the other hand conidia from C. 
qrandis and some samples of cultivated cucurbits (e.g. C. 
moschata^ C. maxima and C. melo) collected from Karnataka 
and Assam were barrel shaped with a tendency towards cylin-
drical shape. This species was eventually identified as E. 
cichoracearum. Thus the shape of conidia of these two 
powdery mildew species varied and the shape were consistent 
regardless of cucurbit sample or locality or state. The data 
of measurements of length and breadth of conidia from all the 
samples of different states are presented in Table 19. Some 
variations, were observed in conidial dimensions when 
considered cucurbit-wise or state-wise (Table 19, Fig.15). 
Measurement of conidia from cultivated cucurbits was 
different from the measurement of conidia from the wild 
cucurbit, C. grandis and some samples of cultivated cucurbits 
(e.g. C. moschata, C. maxima and C. melo) collected from 
Karnataka and Assam. Length/breadth (L/B) index calculated 
from the measurements of length and breadth of all conidia of 
each cucurbit showed more or less consistent figure. It was 
less than 2 (mostly 1.86) for S. fuliginea and was more than 
2 (mostly 2.22) for E. cichoracearum (Table 19, Fig. 15, 16). 
Length and breadth ratio was approximately 3:2 for S. 
fuliqinea and 2:1 for E. cichoracearum. The measurements of 
conidia in relation to length and L/B index appeared to be 
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greatly consistent and was useful for differentiating S. 
fuliginea from E. cichoracearutn. 
5. Germination: The data on conidial germination, forking 
of germ tubes and appressorial development are presented in 
Table 20. The per cent germination of conidia varied in the 
samples of cucurbits collected from different states either 
cucurbit-wise and state-wise and did not show any definite 
trend. Conidia from the samples of cultivated cucurbits on 
germination produced two types of germ tubes-simple or 
forked. Percentage of forking though varied. Forking of 
germinating conidia was invariably observed in all the 
samples of cultivated cucurbits. The per cent range of fork-
ing was from 41.31 to 52.00. None of the simple or forked 
germ tube developed appressoria. The germ tubes emerged from 
the side walls of the conidia in all the cucurbit samples 
infected with powdery mildew. (Fig.17). The forking of germ 
tubes was found to a fairly consistent character. 
Conidia from C. grandis showed a germination range of 
65.27 to 82.94%. All the germ tubes produced by conidia were 
simple and 62.30 to 68.31% germ tubes developed appressoria. 
Conidia from some samples of cultivated cucurbits (e.g. C. 
moschata, C. maxima and C. melo) collected from Karnataka 
and Assam also produced simple germ tubes and appressoria 
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Table 15. Occurrence of anamorphs and teleomorphs of povdery 
nildew on cucurbits encountered during the surveys in some states 
of India. 
Cucurbits 
State 
Anamorphs Teleomorphs 
Andhra Pradesh L. siceraria, C. moschata^ L. siceraria 
C. maxima, L. cylindrica, 
C. qrandis, C. melo, C. melo 
var. utilissimus, C. melo 
var. momordica, C. sativus. 
Assam L. siceraria, C. moschata, L. siceraria 
C. maxima, L. cylindrica, C. grandis 
C. grandis, C. melo, C. melo 
var. utilissimus, C. melo 
var. momordica, C. sativus. 
C. vulgaris var. fistulosus. 
Bihar L. siceraria, C. moschata, 
C. melo, L. cylindrica, 
C. grandis, C. sativus, 
C. melo var. utilissimus, 
C. melo var. memordica, 
C. vulgaris var. fistulosus. 
Himachal Pradesh L. siceraria, C. moschata, 
C. maxima, C. sativus. 
L. cylindrica, 
C. grandis, C. melo, C. melo 
var. utilissimus, C. melo 
var. momordica, 
C^ vulgaris var. fistulosus. 
Karnataka L. siceraria, C. moschata, 
C. maxima, L. cylindrica, 
C- gran^ Tis, C. melo, C. melo 
var. utilissimus, C. melo 
var. momordica, C. sativus. 
C- vulgaris var. Eistulosus. 
Madhya Pradesh L. siceraria, C. moschata, 
C. grandis, L. cylindrica 
Table 15 (contd.) 
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State 
Cucurbits 
Anamorphs Teleomorphs 
Rajasthan L. sicerariar C. moschata, 
L. cylindrical 
C. qrandis, C. melo» C. melo 
var. utilissimuSf C. sativus. 
C. vulgaris var. fistulosus. 
Tamil Nadu L. siceraria, C. moschata^ 
C. maxima^ L. cylindrica, 
C. grandis, C. melOf C. melo 
var. utilissimusr C. melo 
var. momordica, C. sativus. 
siceraria 
C. grandis 
Union territory 
of Delhi 
L. siceraria, C. moschata, 
L. cylindrica, C. sativus, 
C. melo., C. melo var. 
utilissimus. 
Uttar Pradesh L. siceraria, C. moschata, 
L. cylindrica, 
C. grandis, C. sativus 
C. melo, C. melo var. 
utilissimus, C. melo var. 
momordica, 
L. 
C. 
C. 
C. 
C. 
Siceraria 
-grandis 
moschata 
sativus 
melo 
- = Teleomorphs were not found on any cucurbit, 
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T4klc tt. Ctaracteristict md iiMMiiM tt wim ftrictwn if UlHMrplM mi itaitity H pwiiry 
•il lNi tmi m MM cmrUtf i i M M tUttt vT Mia. 
sut« 
ttfikft fraitil 
LMMMirii «i«riri* 
AlMi 
i. iwifi^rff *HmfH 
2. £. irMtdii 
TaillMi 
1. L. siciraria 
2. C. orandis 
(112) 
KlarPraMi 
1. L. lictraria 
2. £. tfa^i» 
3. C. Mscbata 
4. C. Mtivut 
5. £. isis 
Piritfcccia 
Oa) 
(70.2) 
62-96 
(70) 
99.I-151.2 
(130.S) 
68-110 (82) 
90-130 
70-99.2 
(76.5) 
94-172 
(142) 
65-96.2 
(71.8) 
61-97.8 
(70.2) 
63.4-98.4 
(71.2) 
No. of 
atci per 
ptrithc-
ciw 
1 
1 
14-21 
1 
10-25 
(84x52) 
1 
12-27 
1 
1 
1 
DiMiisiont No . of 
of asti ascosporct 
im) p«r aicui 
56-85x29-59 
(63x41) 
55-88x30-60 
(64x42) 
74-107x25-75 
(85.2x53.4) 
59-90x31-62 
(65x43) 
70-102x24-66 
56.^89.2x31-62 
(64x44) 
68-99x22-64 
(81x50) 
55.3-82.5x28.2-
58.2 (63.2-42.5) 
54.8-80.5x27.4-
57.4(64.2x44.2) 
54.7-84.2x26.8-
56.4(63.7x15.2) 
8 
8 
2 
8 
2 
(25x14) 
8 
2(3) 
8 
8 
8 
DiMniioni of 
afCo<iwros 
(M) 
16-21x10-20 
(18.5x15.4) 
16-20x11-19 
(18x15) 
21-32x12.9x19 
(25.5x14.8) 
18-22x13-21 
(19x16) 
20-30x12-17.5 
16-22x9.^20 
(18x15) 
21-32x14-19.2 
(26x15) 
Powdery aildev 
species 
S. fttlioinea 
S. fulioinea 
i' tithtfWirw 
§. fflli^ inw 
E. cicboracearm 
S. fulioinea 
E. cichoracear» 
16.2-21.4x10.2 S. fuliointa 
-26.2(17.2x15.8) 
16.6-20.8x11.2 S. fuliointa 
-21.5(18.1x15.9) 
17-20.8x14-18.2 S. fuliointa 
(18.8x16.2) 
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Tablt 17. Occurrence of fibrosin bodiei in conidia in cucurbit *a»plef infected 
with powdery «ilde«t 
State 
, 
Andhra Pradesh 
(304)»» 
Assam 
(260) 
Bihar 
(378) 
HiMachal Pradesh 
(156) 
Karnataka 
(283) 
Madhya Pradesh 
(262) 
Rajasthan 
(267) 
Tanil Nadu 
(260) 
Union territory 
of Delhi 
(136) 
Uttar Pradesh 
(439) 
* 1. Cu^urbita moschata 
Cultivated cucurbits 
Fibrosin bodies (Fb) 
All conidia 
with 
(No. 
samp] 
101 
82 
148 
51 
70 
80 
82 
62 
42 
129 
2. 
Fb 
of 
es) 
A few conidia 
without 
(No. of 
(samples 
203 
170 
230 
105 
183 
182 
185 
198 
94 
310 
Cucurbita maxima 
Fb 
i) 
3. 
Coccinia orandis (a 
wild cucurbit) and some 
cultivated cucurbits 
Fibrosin bodies (Fb) 
Absent Present 
(No. of (No. of 
samples) samples) 
24 0 
26-^ 8« 0 
45 0 
22 0 
41+30* 0 
45 0 
10 
26 
-
93 0 
Cucumis melo. 
** Figures in parentheses indicate the number of samples examined, 
- • Not found infected during the survey. 
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Table 18 : Per cent occurrence of Eibrosin bodies in conidia 
and number of Eibrosin bodies per conidium of Sphaerotheca 
Euliqinea collected from some states oC India. 
State Conidia with Number of fibrosin 
fibrosin bodies bodies per conidium 
(%) (Average) 
Andhra Pradesh 84.72 + 6.62 9 + 1.26 
Assam 8 3 . 8 1 + 6 . 4 3 7 + 1 . 1 2 
Biha r 89 .40 + 3.87 ' 6 + 1.19 
Himachal Pradesh 84.16 + 6.42 7 + 1.08 
Karnataka 94.92 + 1.81 6 + 1.23 
Madhya Pradesh 88.00 + 5.72 7 + 1.31 
Rajasthan 93.00 + 3.12 7 + 1.17 
Tamil Nadu 83.72 + 9.18 8 + 1.68 
Union territory 94.00 + 2.49 8 + 1.51 
o£ Delhi 
Uttar Pradesh 91.00 + 4.63 9 + 1.31 
+ Standard deviation 
Values are mean of 300 conidia. 
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Table 19. Conidial dimensions of powdery aildew on cucurbits collected 
CroB some states of India 
State Pathogens Length (urn) Breadth (um) L/B index 
Andhra 
Pradesh 
S« fuliqinea 28.1 + 2.51 
E. cichoracearum 34.8 + 1.68 
15.6 + 1.10 
15.1 + 1.21 
1.80 
2.30 
Assam S. fuliginea 
E. cichoracearum 
33.5 + 2.12 
34.2 + 1.79 
17.1 + 1.84 
15.4 + 1.19 
1.94 
2.22 
Bihar S. fuliginea 34.2 + 1.92 
E. cichoracearum 35.5 + 1.59 
18.5 + 1.13 
15.2 + 1.14 
1.85 
2.33 
Himachal 
Pradesh 
Karnataka 
Madhya 
Pradesh 
Rajasthan 
Tamil Nadu 
Union 
territory of 
Delhi 
Uttar Pradesh 
S. 
E. 
S. 
E. 
S. 
E. 
S. 
E. 
S. 
E. 
S. 
S. 
E. 
fuliginea 
cichoracearum 
fuliginea 
cichoracearum 
fuliqinea 
cichoracearum 
fuliginea 
cichoracearum 
fuliginea 
cichoracearum 
fuliginea 
fuliginea 
cichoracearum 
29.2 
32.9 
28.8 
32.4 
30.4 
34.5 
31.2 
33.2 
29.2 
32.4 
29.6 
31.8 
33.2 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
2.13 
2.57 
2.19 
1.92 
2.56 
1.94 
2.34 
2.08 
2.17 
2.01 
2.57 
2.05 
1.78 
15.8 
14.9 
15.2 
14.5 
16.8 
15.2 
16.8 
14.8 
14.9 
14.6 
15.9 
16.9 
14.8 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1.78 
1.94 
1.72 
1.12 
1.19 
1.12 
1.27 
1.05 
1.24 
1.18 
1.31 
1.12 
1.21 
1.85 
2.18 
1.89 
2.22 
1.81 
2.27 
1.86 
2.24 
1.84 
2.22 
1.86 
1.88 
2.24 
Values are mean of 300 conidia. 
+ Standard deviation. 
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Table 20. Conidial germination and Eorking/non-forking of germ tubes in 
powdery mildew samples collected from different states. 
State 
Andhra 
Pradesh 
Assam 
Bihar 
Himachal 
Pradesh 
karnataka 
Madhya 
Pradesh 
Rajasthan 
Tamil 
Nadu 
Uqion 
territory 
of Delhi 
Uttar 
Pradesh 
Cucurbits 
Cultivated 
cucurbits 
C. qrandis 
Cutlivated 
cucurbits 
C. qrandis 
and C. melo 
Cultivated 
cucurbits 
C. qrandis 
Cultivated 
cucurbits 
C. qrandis 
Cultivated 
cucurbits 
Some cultivated 
cucurbits* and 
C. qrandis 
Cultivated 
cucurbits 
C. qrandis 
'cultivated 
cucurbits 
C. qrandis 
Cultivated 
cucurbits 
C. grandis 
Cultivated 
cucurbits 
Cultivated 
cucurbits 
C. grandis 
Conidial 
qermination 
(%) 
74.89 + 7.91 
76.20 + 7.58 
79.72 + 8.66 
82.04 + 6.62 
74.76 + 6.67 
71.47 + 11.90 
77.9 + 9.14. 
81.5 +6.61 
81.17 + 7.70 
81.63 + 5.77 
59.60 + 6.92 
65.27 + 7.1.9 
81.80 + 8.74 
82.76 + 5.63 
79.36 + 12.76 
74.81 + 6.94 
82.94 + 6.02 
70.91 + 12.71 
73.42 + 8.93 
Forking of 
germ tube 
(%) 
51.60 + 10.31 
— 
51.31 + 6.92 
48.86 + 8.41 
— 
49.59 + 6.92 
— 
49.60 + 5.79 
41.31 + 5.47 
-
52.00 + 5.82 
-
42.91 + 11.64 
-
51.28 + 6.57 
42.12 + 9.94 
-
Appressoria1 
development 
{%) 
,. 
62.3 + 3.59 
-
66.76 + 5.93 
-
65.48 + 3.49 
-
63.2 + 3.02 
-
65.54 + 5.77 
— 
64.91 + 5.24 
^ 
64.32 + 3.41 
-
68.31 + .83 
-
_ 
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TaUt 21. ItfpMMC at I n t iiffcrntialt, Utwaria tictraria md Caccia^ wmiit, U isalatH 
•f cicarMt pavdiry tiltfcM froa M M ftatt* ia ladia. 
SUte Cttcarbiti Host differentials 
L. sicfraria C. orandis 
Pavdery aildevs 
S. faliaineay 
E. cichoracearm 
Andhra Pradesh 
Assaa 
Bihar 
1. k- i i S S m i i (10B) 
2. £. i S i £ ^ (37) 
3. £. aaxia^ ( 29) 
4. I. sOifitlsi (14) 
s. £. aam. <24) 
6. £. self 
uti^ifi^t 
8. £. isis tar. 
r ^ 
(43) 
(41) 
(14) 
9. £. satiwi (IS) 
1. k. ii£Sr|£il (78) 
2. C. aoschaU (48) 
3. £. aaxiaa (21) 
4. k' CYliadrica (26) 
(28) 
(28) 
( 8) 
(19) 
i. £. arandis 
8. £. gii£ 
7. £. asjo 
8. £. Mis *«'• 
tttilistiaifs 
9. C. ish w. 
acMr(jia 
10. £. sativas 
11. £. vulgaris war. (9) 
fislulosas 
(10) 
(15) 
<• k- siceraria (115) 
2. C. Mschatf (62) 
3. k* CYlindrici (13) 
4. £. qrandij (45) 
5' i- sativaf (17) 
8. £. wiloaris var. (5) 
l i l i l i f im 
7< £. aele (63) 
8. £. Mlo var. (58) 
jiiiliiiiiii 
9. £. |ei£ var. (45) 
• 
4 
• 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4# 
S. fuliainea 
S. fulioiwea 
S. MlfliSSi 
g. cichoracearua 
S. fuliainea 
S. fuliainea 
S. fuliainea 
§. fuliainea 
S. MlSifiSi 
§. MlliSSi 
S. fuliainea 
S. fulieiMa 
g. £i£t!SEi£Si!Ja 
S. fuliainea 
E. cicharacearua 
S. fuliainea 
§. fuliainea 
§. fuliainea 
§. fuliainea 
S. fuliainea 
S. fuliainea 
§. fuliainea 
E. cicharacearaa 
S. fuliainea 
§. fuliainey 
§• fuliainea 
S. faliainea 
hbsMm 
Table 21 (contd.) 
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State Cucurbitt 
Hiuchal Pradesh 1. k* «iceraria (62) 
2. C. •oscbaU (23) 
3. C. usiu ( 6) 
4. L. tYllNflW ( 2) 
5. £. arMdii (22) 
6. £. M i i (25) 
7. C. n i l var. (18) 
uMUHiw* 
8. £. islfl var. ( 5) 
•»9r4ii 
9. ?. H t f m <11) 
10. S. vttlaaris var. (4) 
fittulofat 
Karnataka 1. L> titeraria (87) 
2. C. •oicbaU (37) 
3. C. lixiM (14) 
4. L. cvlindrica (11) 
5. £. arawdif (41) 
6. C. Mscliftf (10) 
7. £. aaxiM ( 4) 
8. £. !£lt (29) 
9. £. i f l i ( 8) 
10. £. ssli var. (32) 
•lilifMW 
11. £. etli var. (24) 
HMEiii 
12. £. MUm ( 9) 
13. £. MHCil »ar. (6) 
iiilitlif!! 
Hadhya Pradesh 1. ^  i l o c u i i (122) 
2. £. esftiny (100) 
3. L* cvliadfica ( 40) 
4. £. frfml^ s ( 45) 
Rajasthan 1. L. sicerarii (80) 
2> C. •oschaU (45) 
3. i . sOiathl M7) 
4. £. aa^ii (10) 
5. €. isjo (51) 
6. £. ififi iv. (49) 
jilillssiMt 
Host differentials 
L. siceraria {). arandis 
• 
• 
• 
• 
• 
• 
+ 
+ 
• 
• 
• 
• 
• 
• 
•H 
+• 
•# 
•# 
• 
• 
• 
+ 
4 
+ 
Powdery lildevs 
S. fulioinea/ 
E. cichoracearw 
§. f4liainea 
§. fulioinea 
?. m^m 
§. fwMtfifN 
f. «kMr#ff4r« 
S. fulioinea 
§. mi\m 
S. fulioinea 
g. t\tm\nf» 
S. fulioinea 
5. foMqinea 
5. fulioinea 
S. fulioinea 
S. fulioinea 
E. cichoracearui 
E. ^ j^ior^ ^eariip 
E. cichoracearui 
E. cichoracearui 
S. fulioinea 
S. fulioinea 
S. fulioinea 
S. fulioine^ 
§. fuMq^^a 
S. fulioinea 
E. cichoracearui 
S. fulioinea 
S. fulioinea 
E. cichoracearui 
S. fuMq i^ifa 
S. fulit^ inea 
contd. 
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Tablt 21 (contd.) 
SUtc 
T M i l Nadu 
(MioR tc r r iUry 
• f Delhi 
UtUr Pradtsh 
»—«•«•«» 
Cucurbits 
7. C. s a t i m (15) 
8. £. M « £ i l var. (10) 
fiftalosus 
1. L. sioraria (69) 
Z.£.i9islall (49) 
3. C MxiM (1&) 
4. L. cvlindrica ( 9) 
S. £. i r M i (Z&> 
6. C. ieli (44) 
7. C. KJj w. (27) 
utilitf^ni 
8. £. is i i var. (14) 
9. £. M t i m (IS) 
10. £. wioafii var. (17) 
1. L. siciraria (47) 
2. C. MSfltftf (41) 
3. L. cylindrica ( 5) 
4. C. Mtivn ( i) 
5. €. valMris w. 
fiftttlo^lf (2) 
6. £. Mlf (15) 
7. £. ssii w. (20) 
utilistiMM 
1. k. l i£t£idl (144) 
2. C. •MchfYf (133) 
3. k- cvlindrici (57) 
4. £ . qrandii (93) 
5. £. tat im ( 8) 
6' C. ssis (40) 
7. £. o i l var. (20) 
JllUiiiiMi 
8. £. Hlo var. (10) 
(Wordi# 
9. £. jQiliiEif var. (7) 
Host diffirentials 
L. siceraria 
• 
• 
• 
• 
• 
-
+ 
• 
• 
• 
+ 
•f 
• 
• 
• 
• 
• 
•f 
• 
+ 
• 
+ 
• 
•f 
C. arandis 
-
-
-
-
• 
-
" 
-
-
-
-
-
" 
-
^ 
-
-
• 
-
-
Pwdery aildevs 
?. fu)i<^ n^ca/ 
E. cichoracearm 
8. fuMdinea 
S. fuliointa 
S. fifliflinea 
S. fuliqinta 
5. M\%\m 
S. fttliainea 
E. cichorattarui 
S. fulioinea 
S. fulioiiwa 
S. fulioinea 
S. Mliiau 
S. fulioinea 
S. folioinef 
S. fulioinea 
S. fulifipea 
S. fuliqinea 
S. fulioinea 
S. fulioinea 
S. fulioinea 
S. fjUiinea 
S. fifMqinea 
S. fulififief 
E. cichoraceam 
§. Muiass 
§. Mlfliasi 
S. fulioinea 
S. fulioinea 
S. Mlsijiea 
Figure in parenthesis is nuther of sMples studied. 
• TeleoMrphs were forwd in glasshouse. 
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Tikli S . I4ntity rt pwiiry tHin m difffrnt cicvbiti i i SMI I U I M tf M i a . 
SUtci 
C«curbitf 
fmiMs* 
Mku AftM Bihar Hiaachal Kama- Hadhya RaJas- Tatil Unioa Uttar 
Pra^sk Pradesh taka Pradesh than Nadu Territory Pradesh 
of Delhi 
L. siceraria 
C. MscbaU 
£. Mxiaa 
L. tvlindrica 
f- «W<>f 
£-!Slo 
£. sslo var. 
uUHssiMs 
C. sativus 
£. §sh var. 
Sf 
Sf 
Sf 
Sf 
Ec 
Sf 
Sf 
Sf 
Sf 
Sf 
Sf 
Sf 
Sf 
Ec 
Sf 
Ec« 
Sf 
Sf 
Sf 
Sf 
Sf 
-
Sf 
Ec 
Sf 
Sf 
Sf 
Sf 
Sf 
Sf 
Sf 
Sf 
Ec 
Sf 
Sf 
Sf 
Sf 
Sf 
Sf 
ECH 
Sf 
EcH 
Sf 
Ec 
Sf 
EcH 
Sf 
Sf 
Sf 
Sf 
Sf 
-
Sf 
Ec 
-
- ' 
-
-
Sf 
Sf 
-
Sf 
Ec 
Sf 
Sf 
Sf 
-
Sf 
Sf 
Sf 
Sf 
Ec 
Sf 
Sf 
Sf 
Sf 
Sf 
Sf 
-
Sf 
-
Sf 
Sf 
Sf 
-
Sf 
Sf 
-
Sf 
Ec 
Sf 
Sf 
Sf 
Sf 
£. v«loaris var. Sf Sf Sf Sf Sf Sf Sf 
Sf > St^fftheff faliaiiiM. Ec « Ervsiohe cichoraceari. 
- * Canrbits were net foond frown durinf the period of survey 
» aM #f Assai and Kamatafca respectively showed presence of Sohaerotheca fulioinea and Ervsiohe 
cichoracearua on sow cultivated corcbits. _ j a iH£ 
146 
Table 23. Identity of powdery mildews on cucurbits in some 
states of India. 
State Causal organism of powdery mildew 
Andhra Pradesh 
Assam 
Bihar 
Himachal Pradesh 
Karnataka 
Madhya Pradesh 
Rajasthan 
Tamil Nadu 
Union territory of Delhi 
Uttar Pradesh 
Sphaerotheca fuliginea 
Erysiphe cichoracearum 
S. fuliginea> E. cichoracearum 
§• fuliginea, E. cichoracearum 
S. fuliginea, E. cichoracearum 
i.- fuliginea? E. cichoracearum 
S. fuliginea, E. cichoracearum 
S. fuliginea, E. cichoracearum 
S- fuliginea, E. cichoracearum 
S. fuliginea 
S. fuliginea, E. cichoracearum 
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OCCURRENCE OF FIBROSIN BODIES 
IN CONIDIA OF SPHAEROTHECA FULIGINEA 
90O 
400 
300 
200 
100 
NO. o r MFCCTED CUCURBfT SAMPLES 
AS BH HP KT UP RJ 
STATES SURVEYED 
SertaaA SeriMB 
AP • Andhr« Practash 
AS ' A B M U I 
BH« Bihar 
HP « Himactml Pradssh 
KT « Karnataks 
HP - Madhya Pradaah 
RJ > Rajaathan 
TN - ThaU Nadu 
I>L« DELHI 
UP • U U a r Pradaah 
Sar iaa A > Ib ta l Infactad cucuHait samplas studiad, 
Bar ias B » Nuabar of tha saaplas with a l l conidia containing 
f ibrosln bodiaa. 
Sar las C • Nuabar of tha saaplas Miih a faM conidia «p«ithout 
f ibrosin bodias. 
Fig. 12 
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PER CENT OCCURRENCE OF FB. 
IN CONIDIA OF SPHAEROTHECA FULIGINEA 
120 
100 -
CONIDM WITH FIBROSM BOOCS (X) 
^ SK HP Kl MP RJ 
STATE SURVEYED 
S«riMA 
AP - AndKrs Prackah 
A 8 » A s s m 
BH>Bihsr 
HP « HitiMcrml PrmteBh 
KT « Karnstaka 
HP - HmSv/m PraiUaK 
RJ « Rajaaihan 
TN • Ikmii Nadu 
DL « DELHI 
UP - Uitar Pradaah 
Fig. 13 
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NUMBER OF FB/CONIDIUM IN THE 
SAMPLES OF SPHAEROTHECA FULIGINEA 
10 
NO. OF FB/COMDIUM 
4 -
iifiifii 
s 
mm 
wm 
^ ^ 
:«»:«K 
M> AS BH HP KT MP RJ TN DL UP 
STATE SURVEYED 
Sortes A 
AP • Andhra P^acMBh 
AS * Araan 
B H - B i h a r 
HP « HiiMichal Prmdash 
KT " KarnataKa 
MP-MacJhya PradaaK 
RJ * Rajaathan 
TN • Ikmil Nadu 
OL-DELHI 
UP - U U a r Pradaah 
Fig.lA 
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CONIDIAL DIMENSIONS OF 
SPHAEROTHECA FULIGINEA 
HP KT MP RJ 
STATES SURVEYED 
SflrtM A fSffl Strtm B SertMC 
AP • AncJhra Pradaah 
A S « A B S « I 
BH • Bihwr 
HP « Hinmchal Prrndttsh 
KT « KsTTmiakA 
HP m Hmdhym Prmdmmh 
RJ * RajBBihMn 
TN - IkuRil Nadu 
DL-DELHI 
UP > UUar PradsBh 
S«ri«m A - Conidial length (L). 
SerrUm B « Conidi»l braadth (B) 
Bariaa C « L/B indax 
Fig.15 
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CONIDIAL DIMENSIONS OF 
ERYSIPHE CICHORACEARUM 
HP KT MP RJ 
STATES SURVEYED 
OL 
SorfMA S W I M B SeffMC 
AP » Andhra Pradash 
AS "Assam 
BH« Bihar 
HP « Himachal Pradash 
KT « RarnaiaKa 
MP - Madhya Pradash 
RJ « Rajasthan 
TN • IhHBll Nadu 
DL • DELHI 
UP *• Ut tar Pradash 
Sar ias A « Conidial langth (L). 
Sar ias B « Conidial faraadth (B) 
Bar ias C • L/B indax 
Fig.16 
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CONIDIAL GERMINATION AND 
FORKING OF GERM TUBES 
PERCCHT 
100 
HP KT MP fU 
STATES SURVEYED . 
H Seitea A fSSfiSSl SeriM B 
AP • Andhra P r a d a s h 
A S - A s s M i 
BH-Bih«r 
HP « Himachal P r a d M h 
KT « Kamataka 
MP m Hadhya Pradaah 
RJ •• Rajaathan 
TN - TkuRil Nadu 
D L « DELHI 
UP « U t i a r Pradaah 
Sar ias A » I b t a l conidial garainaticm of Sphmmraihmcm fuliginmm, 
Sar iaa B * Par cant forking of garmSnaiing conidia. 
Flg.l7 
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CONIDIAL GERMINATION AND 
APPRESSORIAL DEVELOPMENT 
PERCEWT 
100 
A P A S e H H P K T M P I U I N O L U P 
STATES SURVEYED 
SertMA S«rt«i B 
AP • Andhra Pradash 
AS « ASBWK 
BH - Bihar 
HP • Hiwachal Pradash 
KT - Karnaiaka 
MP * Hadhya Practeah 
RJ • Rajaathan 
TN • Ihniil Nadu 
DL-DELHI 
UP - UUar Pradaah 
Sar las A « I b t a l conldial garainat ion of Erymiphm cichormcmmrum, 
Barias 6 « Par cant apprasaor ia l davalopiBeni. 
Flg.18 
155 
RATIO OF POWDERY MILDEW 
SPECIES ON CUCURBITS IN INDIA 
NO. or SAMPLB8 
600 
400 
900 
ax> 
100 
0 
^^M 
' b • n 1 l_ •_ H 
A P A S B K H P K T K P R r T I I D L U P 
STATES SURVEYED 
H I BertMA BSfiH BoriM B ^ ^ SeriM C 
AP > Andhra Prmdmmh 
AS " Assm 
BH«Bih«r 
HP • Hlvmcfml P r a d M h 
KT - Karrmtaica 
HP •* Hadhya Pradaah 
RJ « Rajaathan 
TN « Tkmil Nadu 
DL - DELHI 
UP - UUar Pradaah 
Sarii 
S a r i 
Sarli 
A * I b i a l nunbar of aaaplas aiudiad. 
B •• Baaplas Miih Sphmmrathmcm fuliginma. 
C • Saaplas idth Eryuiphm dchormcmmrum. 
Fig.19 
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developed. Appressorial development by the germinating 
conidia from C. grandis and a few samples of cultivated 
cucurbits appeared to be a consistent feature. The germ tubes 
emerged apically/basally of conidia (Fig.18). 
Consistency in response of host differentials 
Two host differentials i.e. Lagenaria siceraria and 
Coccinia grandis were used in identification of S. fuliginea 
and E. cichoracearum. When L. siceraria was inoculated with 
powdery mildew obtained from cultivated cucurbits like L. 
siceraria^ C. moschata, C. maxima, L. cylindrica, C. melo, C. 
melo var. utilissimus, C. melo var. momordica, C. sativus 
and C. vulgaris var. fistulosus, irrespective of the state or 
the locality, infecting occurred on L. siceraria. Conversely, 
no infection occurred on C. grandis inoculated with the same 
inoculum sources i.e. conidia from cultivated cucurbits. C. 
grandis, however, developed powdery mildew symptoms when 
inoculated with conidia obtained from C. grandis collected 
from the different states. In contrast, no infection 
occurred on L. siceraria inoculated with inocula from C. 
grandis (Table 21). 
IDENTITY OF RACES OF SPHAEROTHECA FULIGINEA 
Races in §. fuliginea infecting cucurbits in the states 
of Andhra Pradesh, Assam, Himachal Pradesh, Karnataka, Tamil 
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Nadu, Uttar Pradesh and Union territory of Delhi were 
differentiated by using differential cultivars. The identity 
of the races in S. fuliqinea infecting cucurbits in each 
state is given below: 
1. Andhra Pradesh 
Two races viz., Race 1 and Race 3 were differentiated 
in S. fuliqinea infecting cucurbits in the districts of the 
Andhra Pradesh included in the survey Fig. D. Race 2 was 
absent from the S. fuliqinea collections. Race 3 was more 
widely distributed and infected C. moschata, C. melo, C. 
melo var. utilissimus, C. melo var. momordica and C. maxima. 
Race 1 was restricted to L. cylindrica. In addition, it was 
found in few samples of L. siceraria collected from 3 
localities in the state (Table 25; Fig.20). 
2. Assam 
Race 1, Race 2 and Race 3 were found in S. fuliginea 
infecting various cucurbits in the state Racie 1 was found on 
L. cylindrica and in some isolates from L. siceraria, C. 
moschata and C. melo. Race 2 was restricted to C. vulgaris 
var. fistulosus. Race 3 was more commonly present on the 
cucurbits than Race 1 and Race 2. It was observed on L. 
siceraria, C. moschata, C. maxima, C. melo, C. melo var. 
utilissimus, C. melo var. momordica and C. sativus (Table 
26, Fig.21). 
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ANDHRA PRADESH 
Localities in the d i s t r i c t : 
1. Dharanfsuri 
3. Hasanabad 
5. Uppal 
7. Warangal 
9. Vardannapet 
11. Doranakal 
13. Mailavaraih 
15. Vijayawada 
17. Avanigadda 
19. Tonal 
21. Guruzala 
2. Anantaram 
4. Hazurabad 
6. Kazipet 
8. Nagaram 
10. Mahbubabad 
12. Kanchikacherla 
14. Nuzvid 
16. BantuRvilli 
18. Nizampat3iain 
20. Anaravati 
22. Durgi 
S] , $3 = Sphaerothgca fuliqinca Race1/3 
Fig. 20. Distribution of races of Sphaerotheca ful iqinea on 
cucurbits in some d i s t r i c t s of Andhra Pradesh. 
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Table 25. Differentiation of races in the isolates of 
Sphaerotheca fuliqinea from cucurbits in Andhra Pradesh. 
Sources of inoculum Differential cultivars 
PMR5 PMR6 PMR45 Edisto 47 
Race 
L. siceraria (84)* + + + 
L. siceraria (19) 
C. tnoschaba + + + 
L. cylindrica _ _ _ 
C. melo + + + 
C. melo var. utilissimus + + + 
C. melo var. momordica + + + 
C. sativus + + + 
C. maxima + + + 
Race 3 
Race 1 
Race 3 
Race 1 
Race 3 
Race 3 
Race 3 
Race 3 
Race 3 
+ = Susceptible, - = Resistant 
* Figures in parentheses show the number of isolates from the 
cucurbit belonging to the race. 
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Table 26. Differentiation of races in the isolates of 
Sphaerotheca fuliqinea from cucurbits in Assam. 
Sources of inoculum Differential cultivars 
PMR5 PMR6 PMR45 Edisto 4 7 
Race 
L. 
L. 
C. 
C. 
C. 
L. 
C. 
c. 
c. 
C. 
C. 
c-
siceraria 
siceraria 
moschata 
moschata 
maxima 
(70) 
(6) 
(46) 
(2) 
cylindrica 
me1o (24) 
melo (4) 
melo var. 
melo var. 
sativus 
utilissimus 
momordica 
vulgaris var. fistulosus 
+ 
-
+ 
-
+ 
-
+ 
-
+ 
+ 
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
+ 
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
+ 
+ 
+ 
Race 3 
Race 1 
Race 3 
Race 1 
Race 3 
Race 1 
Race 3 
Race 1 
Race 3 
Race 3 
Race 3 
Race 2 
+ = Susceptible, - = Resistant 
* Figures in parentheses show the number of isolates from the 
cucurbit belonging to the race. 
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3. Hlnachal Pradesh 
Like Assam all the three races of S. fuliginea were 
observed on cultivated cucurbits in the state. Race 1 was 
confined to L. cylindrica while Race 2 to C. vulgaris var. 
fistulosus. Race 3 was more commonly encountered. L. 
siceraria, C. moschata, C. maxima, C. melo, C. melo var. 
utilissimus, C. melo var. momordica and C. sativus were found 
infected with Race 3 of S. fuliginea in the state (Table 27; 
Fig. 11). 
4. Karnataka 
Race 1, Race 2 and Race 3 of S. fuliginea were observed 
on cucurbits in the state. Race 1 was present on L. 
cylindrica while Race 2 on C. vulgaris var. fistulosus. Race 
3 was found on L. siceraria, C. moschata, C. maxima and C. 
melo, C. melo var. utilissimus, C. melo var. momordica C. 
sativus. The frequency of Race 3 was greater than Race 1 and 
Race 2 and infected most of the cultivated cucurbits (Table 
28; Fig. 23). 
5. Tamil Nadu 
All the three races of S. fuliginea (Race 1, Race 2, 
Race 3) were found to be present on cultivated cucurbits in 
the state. Race 3 was apparently over dominant and infected 
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HIMACHAL PRADESH 
Si,S2>53 = Sphaerotheca fuliginea Race 1,2,3 
20 0 20 
I I 1 
Kms 
SOLAN 
Localities in the district: 
1. Rarnpur 
3. Kufri 
5. Shijnla 
7. Kandaghat 
9. Kasauli 
2. Narkanda 
4. Fagu 
6. Malyana 
8. Solan 
Fig. 22 Distribution of races of Sphaerotheca fuliginea 
cucurbits in some districts of Himachal Pradesh. on 
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Table 27. DiEEerentiation of races in the isolates of 
Sphaerotheca Euliginea Erom cucurbits in Himachal Pradesh. 
Sources o£ inoculum Differential cultivars 
PMR5 PMR6 PMR45 Kdisto 47 
Race 
L. siceraria 
c. 
L. 
moschata 
maxima 
cylindrica 
C. me 1o 
C. melo var. utilissimus 
C. melo var. momordica 
C. sativus 
C. vulgaris var. fistulosus 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Race 3 
Race 3 
Race 3 
Race 1 
Race 3 
Race 3 
Race 3 
Race 3 
Race 2 
+ = Susceptible, 
- = Resistant 
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KARNATAKA 
40 0 AO 
l 1 1 
Kms 
Localities in the district: 
1. Mulbagal 2. Chikbalapur 
3. Nandicross 4. Devanhalli 
5. Hoskote 6. Barigalore 
7. Anekal 8. Naganangala 
9. Pandavapura 10. Hunsur 
11. Mysore 12. Chamrajnagar 
KOLAR 
BANGALORE 
MYSORE 
5^,82,53 = Sphaerotheca fuliginca Race 1,2,3 
Fig. 23. Dis t r ibut ion of races of Sphaerotheca ful iqinea on 
cucurbits in some d i s t r i c t s of KarnatakaT 
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Table 28. Differentiation of races in the isolates of 
Sphaerotheca ffuliqinea from cucurbits in Karnataka. 
Sources of inoculum Differential cultivars 
PMR5 PMR6 PMR45 Edisto 4 7 
Race 
L. slceraria + + + 
C. moschata + + + 
C. maxima + + + 
L. cylindrica _ _ _ 
C. melo + + + 
C. melo var. utilissimus + + + 
C. melo var. momordica + + + 
C. sativus + + + 
C. vulgaris var. fistulosus - - + 
Race 3 
Race 3 
Race 3 
Race 1 
Race 3 
Race 3 
Race 3 
Race 3 
Race 2 
+ = Susceptible, - = Resistant 
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TAMIL NADU 
5l,52,53 = Sphaerothgca luliginga Racg 1,2,3 
^•'WMADRAS 
I.) / 
'yCHENGALPATTU 
Lcxal i t ies in the d i s t r i c t : 
1. Madras 
3 . Kanchipuram 
5. Walajabad 
7. Hosur 
2. Avadi 
4. Tambaram 
6. Karungulli 
8. Daulatabad 
9. Panchapalli 10. Kaveripatnam 
11. Urigam 12. Tcjppur 
13. Tumbal 14. Mangalapuram 
15. Mallur 16. Rashipuram 
F i g . 2 4 . D i s t r i b u t i o n of r a c e s of S p h a e r o t h e c a f u l i g i n e a on 
c u c u r b i t s i n some d i s t r i c t s of Tamil Nadu. 
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Table 29. DlfCerentiation of races in the isolates 
Sphaerotheca fuliqinea from cucurbits in Tamil Hadu. 
of 
Sources of inoculum Differential cultivars 
PMR5 PMR6 PMR45 Edisto 47 
Race 
L. siceraria (59)* + + 
L. siceraria (10) 
C. moschata + + 
C. maxima + + 
L. cylindrica 
C. melo (38) + + 
C. melo (6) - -
C. melo var. utilissimus(22)+ + 
C. melo var. utilissimus(5) -
C. melo var. momordica + + 
C. sativus + + 
C. vulgaris var. fistulosus -
+ 
+ 
+ 
+ 
+ 
Race 3 
Race 1 
Race 3 
Race 3 
Race 1 
Race 3 
Race 1 
Race 3 
Race 1 
Race 3 
Race 3 
Race 2 
+ = Susceptible, - = Resistant 
* Figures in parentheses show the number of isolates from the 
cucurbit belonging to the race. 
169 
most of the cultivated cucurbits. Race 1 was observed in some 
samples of L. siceraria, C. melo, C. melo var. utilissimus 
and L. cylindrica. Race 2 was found on C. vulgaris var. 
fistulosus. All the samples of C. moschata, C. maxima^ C. 
melo var. momordica and most of the samples of L. siceraria, 
C. melo and C. melo var. utilissimus showed the presence of 
Race 3 (Table 29; Fig.24). 
6. Onion Territory of Delhi 
In the Union territory of Delhi, in the surveyed areas 
S_. fuliginea infecting cucurbits showed all the three races 
(Race 1, Race 2, Race 3) L. cylindrica was found infected 
with Race 1 and C. vulgaris var. fistulosus with Race 2. The 
remaining cucurbits viz., L. siceraria, C. moschata, C. 
sativus, C. melo and C. melo var. utilissimus were found 
infected with Race 3. Like other states. Race 3 was more 
frequent than other two races (Table 30, Fig. 25). 
7. Uttar Pradesh 
All three races of S. fuliginea viz.. Race 1, Race 2 
and Race 3 were found to be present on cultivated cucurbits 
in Uttar Pradesh. Race 3 was more frequent than other two 
races, infecting most of the cultivated cucurbits. Race 1 
was found to be present on L. cylindrica and in a few samples 
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DELHI 
5,.52.S3 = Sphagrotheca fuliajnga Race 1.2.3 
Localities in the distric±: 
1. Shahadra 
3. New Yamuna bridge 
5. Najafgarh 
2. Silampur 
4. Yamuna Bazar 
Fig. 25. Distribution of races of Sphaerotheca fuliqinca on 
cucurbits in Union territory of Delhi. 
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Table 30. Differentiation of races in the isolates of 
Sphaerotheca fuliqinea from cucurbits in Union territory of Delhi. 
Sources of inoculum Differential cultivars Race 
PMI^ 5 PMft6 PMR4 5 Ed is to 4 7 
L. siceraria + + + - Race 3 
C. moschata + + + - Race 3 
L. cylindrica _ _ _ _ Race 1 
C. sativus + + + - Race 3 
C. vulgaris var. fistulosus - - + + Race 2 
C. melo + + + - Race 3 
C. melo var. utilissimus + + + - Race 3 
+ = Susceptible, - = Resistant 
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UTTAR PRADESH 
Si^S2,S3 =SphQerothecafuUqineQ Race 1,2,3 
0 50 
LOCALITIES IN THE DISTRICT: 
Amroha 2. 
Raja ka Sahspur 
Bohjoi 7. 
Shahabad 10. 
Bulandshahr 13. 
GunnoT 16. 
Sahsvan 19; 
Dekni 22. 
Shahwerganj 25. 
3. 
5. 
Rampur 8. 
Slyana 11. 
Anupshahrl4. 
Bisauli 17. 
Aonla 20. 
Jaitpur 23. 
Jalalabad26. 
Inglas 29. 
Achnera 32. 
Agra 34. 
Shamshabad 
Hempur 37. 
Kanpur 39. 
40. 
41. 
Sambhal 
Chandausl 
Bllaspur 
Slnkandrabad 
Dibai 
Bllsi 
Faridpur 
Madanpur 
Atraull 
Sasnl 
Fatehpur Sikri 
Tundla 
Mahrajnagar 
Khalrabad 
Ghatampur 
Akbarpur 
42. Jhlnjhik 
43. Saral Ajltmal 
4. Rakewar 
45.Bharthana 
Fig. 26. Distribution of races of Sphaerotheca fuliginea on 
cucurbits, in some districts of Uttar Pradesh., 
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Table 31. Differentiation of races in the isolates 
Sphaerotheca fuliqinea from cucurbits in Uttar Pradesh. 
of 
Sources of inoculum Differential cultivars 
PMR5 PMR6 PMR45 Edisto 47 
Race 
L. siceraria (12 2)* 
L. siceraria (22) 
C. moschata 
L. cylindrica 
C. melo 
C. sativus 
C. melo var. utilissimus 
C. melo var. momordica 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Q.' vulgaris var. fistulosus -
+ 
+ 
+ 
+ 
Race 3 
Race 1 
Race 3 
Race 1 
Race 3 
Race 3 
Race 3 
Race 3 
Race 2 
+ = Susceptible, - = Resistant 
* Figures in parentheses show the number of isolates from the 
cucurbit belonging to the race. 
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of L. siceraria collected from one locality of Moradabad and 
two of Rampur districts. Race 2 was restricted on C. 
vulgaris var. fistulosus. Race 3 was found infecting L. 
siceraria» C. moschata> C. tnelo, C. sativus, C. melo var. 
utilissimus and C. melo var. momordica (Table 31, Fig.26). 
OVERALL ASSESSMENT 
Overall occurrence spectrum of races of S. fuliginea on 
cucurbits showed that all the three races viz. Race 1, Race 2 
and Race 3 were existing in all the states undertaken in 
study except Andhra Pradesh wherein Race 2 was not detected. 
A degree of specificity in occurrence of the races on various 
cucurbits was also consistently witnessed. Race 1 was found 
associated mostly with L. cylindrica in all the states. It 
was not infected by another race. In addition to L. 
cylindrica, Race 1 was noticed on L. siceraria in Andhra 
Pradesh, Tamil Nadu and Uttar Pradesh, on C. melo in Assam 
and Tamil Nadu, on C. moschata in Assam and on C. melo var. 
utilissimus in Tamil Nadu. Race 2 was restricted to C. 
vulgaris var. fistulosus alone. This cucurbit did not show 
presence of any other race. Race 3 was more commonly 
encountered being present in all the states on most of the 
cucurbits like L. siceraria, C. moschata, C. maxima, C. melo, 
C. melo var. utilissimus, C. sativus and others (Tables 32, 
33, Fig.27). 
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Table 33. Identity of races of Sphaerotheca fuliginea on 
cucurbits in some states of India. 
State Race 
Andhra Pradesh 
Assam 
Himachal Pradesh 
Karnataka 
Tamil Nadu 
Union territory of Delhi 
Uttar Pradesh 
Race 1, Race 3 
Race 1, Race 2, Race 3, 
Race 1, Race 2, Race 3 
Race 1, Race 2, Race 3 
Race 1, Race 2, Race 3 
Race 1, Race 2, Race 3 
Race 1, Race 2, Race 3 
Notes: Races of S. Euliginea on cucurbits were not studied in 
Bihar, Madhya Pradesh and Rajasthan. 
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RATIO OF RACES OF 
SPHAEROTHEA FULIGINEA ON CUCURBITS 
NO. 0P8A1IPLB8 
800 
400 
aoo 
800 -
100 
BH HP RT UP M TO 
STATES SURVEYED 
ToUl No.of MmplM Raoe I Race B 
DL UP 
Rao* 3 
AP - Andhra Pradash 
AS « Aasaa 
BH « Bihar 
HP « Himachal Pradaah 
KT * KarnataKa 
MP - Hadhya Pradaah 
RJ > Rajasthan 
TN « I k m i l Nadu 
DL •> DELHI 
UP « U U a r Pradesh 
Blank (BH, HP, RJ) « Raca diffarantiation not undartakan. 
Fig. 27 
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Their distribution pattern in agro-ecological zones 
showed the existence of all the three races on cucurbits in 
zone I, II, IV and VIII. In zone V, Race 1 and Race 3 were 
present. The two other zones (III and VI) were not included 
in the present investigations. The host specificity pattern 
showed that Race 1 was present on L. cylindrica and on 
L. siceraria in zone II, V and VIII, on C. moschata in zone 
II, on C. melo in Zone II and VIII, and on C. melo var. 
utilissimus in zone VIII. Race 2 was found on C. vulgaris 
var. fistulosus in all the zones surveyed except zone V. 
Race 3 was found on all the cucurbits in all the studied 
zones except L. cylindrica and C. vulgaris var. fistulosus 
(Table 34). 
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PHOTOGRAPHIC PLATES 
I - X 
Remarks 
The figures given in the plates are common to the 
states of the study area. They present a general view of 
symptoms, teleomorph development on the hosts, details of 
anamorph and teleomorph characters utilised in the study 
for establishing the identity of the species. Plates IX 
and X show the host differentials used in the study for 
identifying the species from various states. For this 
reason, the figures are concentrated at one place at the 
end of results and are not cited in the text. 
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Plate I. Some cucurbits infected with Sphaerotheca 
fuliginea 
1. A leaf of Luffa cylindrica showing symptoms 
on the upper surface. 
2. A leaf of L. cylindrica showing symptoms on 
the lower surface. 
3. A leaf of flucurbita moschata showing symptoms 
on the lower surface and the petiole. 
4. A twig of C. moschata showing symptoms on stem 
and leaves. 
PLATE I 
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Plate II. Leaves of some cucurbits infected with 
Sphaerotheca fuliginea showing both anamorph 
and teleomorph 
1. Cucumis melo var. momordica 
2. Cucumis sativus 
3. Cucumis melo 
4. Cucumis melo var.utilissimus (anamorph only) 
PLATE II 
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Plate III. Anamorph characters of Sphaerotheca fuliginea 
1.3. Conidial shape 
2.4. Conidia with well developed, discrete fibrosin 
bodies. 
5. Germinating conidia showing forked germ tubes. 
6. Germinating conidia showing simple and forked 
germ tubes. 
PLATE III 
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Plate IV. Teleomorphs of Sphaerotheca fuliginea on 
some cucurbits 
1. A leaf of Laqenaria siceraria. 
2. A leaf of Cucurbita moschata. 
3. Stem portions of Cucumis sativus. 
4. Stem portions of L. siceraria. 
PLATE lY 
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Plate V. Teleomorphs of Sphaerotheca fuliginea 
1. A group of perithecia. 
2. Ruptured perithecia showing single ascus in 
each. 
3. Ruptured perithecium showing mycelioid 
appendages and single ascus. 
4. An ascus showing 8 ascospores. 
PLATE Y 
ia6 
Plate VI. Coccinia grandis and some cultivated cucurbits 
infected with Erysiphe cichoracearum 
1. Leaves of Cucumis melo. 
2. A leaf of Cucurbita moschata. 
3. A leaf of Coccinia grandis showing teleomorphs. 
4. Stem portions of C. grandis showina teleomorphs. 
PLATE VI 
W 
e 
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Plate VII. Anamorph characters of Erysiphe cichorecearum 
1,3,4.Conidial shape. 
2,5. Germinating conidia showing simple germ tubes 
and appressorial development. 
PLATE VII 
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Plate VIII. Teleomorph of Erysiphe cichoracearum 
1. A group of perithecia. 
2. A ruptured perithecium showinq severa 
asci. 
3,4. Asci showinq 2-3 ascospores. 
PLATE VIII 
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Plate IX. Lagenaria siceraria, a differential host 
infected with Sphaerotheca fuliginea in 
artificial inoculation. 
PLATE IX 
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Plate X. Coccinia grandis, a differential host 
infected with Erysij 
in artificial inocu. 
phe cichoracearum 
ilation. 
PLATE X 
DISCUSSION 
Identity of the causal organisms 
One major objective oE the study was to establish the 
identity oE causal organism(s) oE the powdery mildew disease 
on cucurbits in some states of India. The study undertaken 
included a number oE localities in nine states and one Union 
territory, located distantly and in diEEerent agro-ecological 
zones oE the country. The states oE Andhra Pradesh, Tamil 
Nadu and Karnataka Erom southern part, Assam Erom north 
eastern part, Madhya Pradesh Erom central part, Rajasthan 
Erom western part and Himachal Pradesh, Delhi (Union 
territory), Uttar Pradesh and Bihar Erom northern part oE the 
country Eormed the study area. Practically it could not be 
possible to encompass all the 25 states and Union territories 
in the country and at the same time all the areas in the 
included states. Still, this study, Eor the Eirst time in 
India has given consideration to such a large area in order 
to establish the identity oE the causal organism(s) oE the 
disease on cucurbits. Most oE the past studies lacked this 
objectivity and the available inEormation on the identity of 
the species are mostly based on either new host records or 
reports of occurrence of a powdery mildew species. The 
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present study has shown that in all the 9 states and one 
Union territory (Delhi), S. Euliginea is preaominantly 
responsible for the disease on cucurbits. Though 
S. Euliginea and E. cichoracearum both were encountered in 
most of the states causing the disease on cucurbits, their 
distribution pattern and host spectrum were quite different. 
S- fuliginea was present on all the cultivated cucurbits on 
which the disease was encountered, irrespective of the state 
or the locality. All the commonly cultivated cucurbits such 
as L. siceraria, C. moschata, C. maxima, C. melo, C. melo 
var. utilissimus, C. melo var. momordica, C. vulgaris var. 
fistulosus and L. cylindrica were infected with S. fuliginea 
(Table 22). The anamorphs of the species were commonly found 
on the cucurbits, but its teleomorphs was also detected in 
several localities especially on L. siceraria. Conversely, 
E. cichoracearum was invariably present on C. grandis, a 
cucurbit which grows as wild plant in most part of the 
country. The fruits of this cucurbit are used as vegetable in 
eastern and noth-eastern parts of the country. In some 
localities of Karnataka and Assam E. cichoracearum was found 
on cultivated cucurbits. In these states too, s. fuliainea 
wa s predominant on cultivated cucurbits. A good amount of 
repeatability of this pattern of occurrence of the two 
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species o£ powdery mildew in various states of the country 
provide a dependable evidence to recognize them as the causal 
species of the disease on cucurbits in India in general. 
Since E. cichoracearum was also found on some cultivated 
cucurbits such as C. moschata^ C. maxima in Karnataka state 
and on C. melo in Karnataka and Assam in addition to 
C. qrandis, its significance in relation to disease on 
cultivated cucurbits needs to be assessed. Though the species 
has been traditionally recorded as the causal organisms 
without proper verification in many parts of the world, there 
are several reports which show its occurrence on the 
cucurbits, even with its teleomorphs in various parts of the 
world including India. Reports of Salmon (1900) on C. pepo 
from England; Viennot-Bourgin (1956) on C. melo 
and C. sativus from France; Roder (1937) on C. sativus from 
Germany; Junell (1967) on C. sativus and C. pepo from Sweden; 
Ristic (1985) on C. sativus from Yugoslavia; Randall and 
Menzies (1956) on two Cucumis collections, U.S.P.I. 179260 
and 181910 from U.S.A. and Tetrevenikova-Babayan and Simonyan 
(1956) on cucumber, Deckenbach (1924) on squash and marrows, 
Dackenbach and Koreneff (1927) on C. melo from U.S.S.R. are 
sufficient to recognize it as causal species of the disease. 
A number of reports made time and again show the 
occurrence of E. cichoracearum on cucurbits in India. Like 
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other parts oE the world, in India too, ics report OL 
occurrence by Butler as early as 1^18 iBucler, 1^18; on 
cucurbit, infact was the reason that formed the basis OL 
traditional recognition of it as the causal organism of the 
disease. Butler (i918) also found the teleomorph 
of S. fuliginea t=S. humuli var. fuliginea) on cucurbits. But 
surprisingly, the one recognised as E. cichoracearum got the 
credence and S. fuliginea was forgotten, while considering 
the causal organism of the disease. A great degree of 
similarities between the anamorph characters of the two 
species and usual absence of teleomorphs were additional and 
important reasons to this mistaken identity. Nevertheless, 
E. cichoracearum has been found'to infect a number of 
cucurbits in India. Its teleomorphs were found on 
Trichosanthes dioica and M. balsamina by Butler (1918) in 
Bihar; on T. dioica and B. hispida by Dave et aj, (1971) and 
Khosla et aj,. (1974) in Madhya Pradesh; on B. hispida by 
Malik et aj,. (1973) and Siradhana and Chaudhari (1972) in 
Rajasthan. Therefore, this situation permits one to conclude 
that like several other parts of the world, E. cichoracearum 
attacks cultivated cucurbits in India as well, though its 
prevalence in comparison to S. fuliginea is too low. The 
ecological or some other factors that govern its sporodic or 
rare occurrence on cultivated cucurbits needs to be 
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investigated in order to realize its importance in various 
agro-ecological/climatic zones of India or even in the world. 
Although several species of powdery mildews in anamorph 
and six in teleomorph are listed on cucurbits (Ballantyne, 
1975; Sitterly, 1978; Khan 1983; Amano, 1986), S. fuliginea, 
E. cichoracearum, L. taurica are considered as well 
established species to cause the disease on cucurbits (Khan, 
1983). The anamorph of L. taurica is quite distinctive and so 
are the symptoms and its dissimilarities with S. fuliginea 
and E. cichoracearum do not permit for confusion with regard 
to its identity. The species is considered as native of 
Mediterranean region and is reported to infect cucurbits in 
Bulgaria (Elenkov et a^., 1975); Romania (Docea and Fratila, 
1980), U.S.S.R. (Golovin, 1956; Gordeeva, 1961 and Nasyrov, 
1962), Kenya (Anon, 1961), Mozambique (Palti, 1988), Sudan 
(Tarr, 1955); Libya (El-Ammari and Khan, 1983), France (Molot 
and Lecoq, 1986), Palcistan (Palti, 1988), Turkey (Palti, 
1988) and Senegal (Col 1inghwood, 1977). 
In India, on the basis of anamorph characters 
L. iau£ica was reported to infect cucurbits in Karnataka 
(Ullasa and Amin, 1981) and Rajasthan (Maharshi and 
Siradhana, 1980). The follow up studies in these states and 
reports from other parts of the country do not substantiate 
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its occurrence or significance in the country. In the present 
study, the species was not found on any cucurbit in the 
studied area. It may be assumed that the species may be 
appearing occasionally on some cucurbits in localized manner 
and the significance of the species on cucurbits in Indian 
context is still obscure. The species though infects some 
plants in India especially chilli-pepper but possibility of 
cross infection to cucurbits is not great, since a degree of 
host specialization is reported for the species (Palti, 
1988). 
In recent times, Jhooty (1967) for the first time in 
India, utilizing the anamorph characters claimed S. fuliginea 
as the causal organism of the disease on cucurbits in Punjab. 
Since then a number of reports show that S. fuliginea infects 
cucurbits in various states i.e. in Assam and Delhi 
(Shivakami et. a_l. , 1972); in Bihar (Khan, 1977); in Himachal 
Pradesh (Sohi and Nayar, 1969); in Jammu and Kashmir (Khan et 
aj.. , 1974 and Sharma, 1978), in Karnataka (Ullasa e^ aj[., 
1979); in Madhya Pradesh (Dave et al^ . , 1971); in Rajasthan 
(Siradhana and Chaudhari, 1972; and Malik et aj^ . , 1973) and 
in Uttar Pradesh (Khan e^al., 1971; Khan e^ aj,. , 1972; 
Sharma, 1972, 1973). Teleomorphof the species was also 
recorded on a number of cucurbits (Khan, 1977, 1978; Sohi and 
Nayar, 1979; Khan et ai. 1972; Sharma, 1972, 1973; Dave et 
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al. 1971; Siradhana and Chaudhari, 1972). Khan and Khan 
(1970) for the first time in artificial inoculation found 
prefuse development of teleomorph of S. fuliginea on a number 
of cultivars of cucumber and bottle gourd in glasshouse 
conditions. Occurrence of both the species on cucurbits have 
been recorded from Uttar Pradesh (Khan and Khan, 1970; Khan 
eta],. 1971; Khan et aj,. 1972; Sharma, 1972, 1973), Rajasthan 
(Siradhana and Chaudhari, 1972), Madhya Pradesh (Dave et_ aj,. 
1971, Khosla et aj,. 1974) and Bihar (Khan 1977). The present 
study has demonstrated convincingly that both S. fuliginea 
and E. cichoracearum infect cucurbits in the country, though 
S. fuliginea is pre-dominant and mainly responsible for the 
disease on cucurbits and at the same time it confirms the 
earlier observations made in the country about the identity 
of the species. 
S. fuliginea and E. cichoracearum both are reported to 
exist on cucurbits in many countries of the world (Table 5). 
Some of these are Bulgaria (Tafradzhiiski, 1959, 1961, 1963; 
1972; Lozanov and Vitanov, 1970); Hungary (Nagy, 1970, 1972), 
Czeclcoslovalcia (Lebeda, 1983; Zlochova, 1988), West Germany 
(Huttenback, 1951; Schlosser, 1972, 1976; Crugar and Mayer, 
1976), East Germany (Janke et_ aj,. 1977); France (Molot and 
Lecoq (1986); Italy (Branzanti and Brunelli, 1997); USA 
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(Randall and Menzies, 1956, Kable and Ballantyne, 1963; 
Kontaxis, 1977, 1979 and Grand 1987a, 1987b); Libya (El-
Ammari and Khan, 1987); Israel (Peleg, 1953; Rudich et aj,. 
1969) and USSR I Dec)cenbach and Koreneff, 1927; Rodigin 1936; 
Raginov, 1961; Nikiforova, 1962; Teternikova-Babyan and 
Simonyan, 1956; Dorozhkin and Kapelyan, 1975; Bychenko, 1971 
and Medvendev, 1973). 
In the present study the pathogen causing powdery 
mildew disease in most of the samples was identified mainly 
on the basis of anamorph characters. Teleomorph characters 
were also used, if present. Teleomorphs was however, present 
in a relatively very few samples. Teleomorphs were observed 
on cucurbits in Andhra Pradesh, Assam, Tamil Nadu and Uttar 
Pradesh. Teleomorphs of both species were observed in Assam, 
Tamil Nadu and Uttar Pradesh. In Andhra Pradesh teleomorphs 
°f S. fuliqinea only were noticed. But in other states 
included in the study area, only anamorphs were recorded 
(Table 15). 
Sphaerotheca fuliqinea has been now recognised as the 
causal species from an increasing number of countries. In 
recent past, several countries of the world, where pre-
dominance of S. fuliginea is now observed E. cichoracearum 
was recognized as causal species of the disease, since long 
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without proper verification. In Canada, E. cichoracearum was 
listed on cucurbits (Conners, 1967), but it is now recognised 
as S. fuliginea (Parmelee, 1977; Jarvis and Slingsby 1984). 
The powdery mildew species on a number o£ cucurbits such as 
watermelon, muskmelon, cucumber, butter-cup squash, butter-
nut squash were ascribed to S. fuliqinea. Jarvis and Slingsby 
(1984) found the teleomorph of S. fuliginea on cucumber in 
Ontario, Canada. In U.S.A. before 1963, E. cichoracearum was 
considered the causal agent of powdery mildew on cucurbits. 
But' in 1963, Kable and Ballantyne for the first time 
identified powdery mildew species as S. fuliginea on 
cucurbits on the basis of anamorphs characters (Kable and 
Ballantyne, 1963). Yarwood and Gardner (1964); Schroeder and 
Provvidenti (1968), Paulus et^  aj,. (1969), and Clark (1971), 
later indicated the existence of S^. ful iginea on cucurbits in 
USA. Teleomorph of S. fuliginea has now been found on 
cucurbits in California (Kontaxis, 1979) and in North 
Carolina (Grand 1987a, 1987b). Kontaxis (1979) remarked that 
powdery mildew species responsible for the disease on 
cucurbits in USA is S. fuliginea and not E. cichoracearum. 
Based on anamorph and teleomorph characters Abul-Hayja and 
Trabulsi (1981) stated that S. fuliginea is mainly 
responsible for the disease on cucurbits in Saudi Arabia and 
not E. cichoracearum as recognised earlier. In Israel, Palti 
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(1962) and Rudich et aj^. (1969) found S. fuliginea as the 
causal organism of powdery mildew on cucurbits and not 
E. cichoracearum as previously reported by various workers. 
Similarly, in Australia Clare (1958), McNish (1967) and 
Ballantyne (1975) found widespread occurrence of S. fuliginea 
on cucurbits and not E. cichoracearum. Dingley (1959), and 
Boesewinkel (1976) in New Zealand, El-Kazzaz (1983) in Egypt 
and Gorter (1966, 1974) in South Africa recognised 
the existence of S. fuliginea on cucurbits, where 
E. cichoracearum was considered as the causal organism 
previously. ReifSchneider et aj^. (1985) identified powdery 
mildew species as S. fuliginea on cucurbits in Brazil and not 
E. cichoracearum as previously reported. Still there are few 
countries like Norway (Gjearum, 1956), Sweden (Junell, 1967), 
Yugoslavia (Ristic, 1985), Bolivia (Bell and Allandia, 1959), 
Malaysia and Singapore (Thompson, 1933), Iraq (Allison, 1952) 
where E. cichoracearum is listed as the causal species of the 
disease. In most of these countries the identity of the 
species has not been perhaps verified properly specially in 
view of the information emerging from researches on the 
identity of the pathogens and recognition of S. fuliginea or 
S. fuliginea and E. cichoracearum both as the causal species 
of the disease from an increasing number of countries. 
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Braun (1985) in his recent treatment has 
recognised S. Eusca and S. Culiginea var. fuliginea as the 
species which infect cucurbits. The anamorph and teleomorph 
characters of the powdery mildew in any samples specially 
point of origin of germ tube, dimensions of perithecium, and 
number of ascospores per ascus observed in the present study 
do not fully match with S. fusca. Therefore, S. fusca is 
apparently not present on cucurbits in India. Its occurrence 
on cucurbits as claimed by Braun (1987) can not be precluded 
but its needs to be re-assessed, particularly in India. 
The present study included a number of states like 
Tamil Nadu, Andhra Pradesh, wherefrom there was no 
information about the causal organism of the disease; from 
some other included states some information was though 
available.. Since the study could not include all the states 
of such a vast country, it is desirable to carry out such 
studies in the remaining parts of the country, so that 
emerging information may help the management pathologists to 
tackle the problem of powdery mildew effectively and 
efficiently. A distribution map of the species occurring in 
various parts of the country showing their relative dominance 
or host spectrum, therefore, can be prepared which would be 
conceivably of immense use for management pathologists, 
cucurbit breeders, extension workers and growers. 
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Reliability of anamorphs characters 
The main reason for the confusion that surrounded the 
identity of the causal species of the disease on cucurbits 
was the similarities between the anamorphs of S. fuliginea 
and E. cichoracearum and rare occurrence of teleomorphs. A 
number of anamorph characters particularly presence or 
absence of well developed discrete fibrosin bodies, conidial 
dimension and L/B index, forking of germ tubes and 
appressorial development, and point of emergence of germtube 
from the conidium were considered valuable for 
differentiating the species. The present study considered 
this aspect while examining the large number of samples of 
cultivated cucurbits and a wild cucurbit. The reliability of 
anamorphs characters were examined in some details. The 
considered characters such as the conidial dimensions and L/B 
index, presence or absence of fibrosin bodies, forking of 
germ tubes, appressorial development and point of origin of 
germ tubes showed a great degree of consistency and are 
suggested to be reliable to differentiate E. cichoracearum 
from S. fuliginea. 
The use of anamorph characters for establishing the 
identity of the species were advocated in a number of reviews 
(Ballantyne 1975; Sitterly 1978; Boesewinkel, 1980; Khan 
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1983, 1989). In several countries of the world, powdery 
mildew species involved in the disease on cucurbits was 
identified on the basis of anamorphs characters eventhough 
the teleomorph was not observed. Some of these countries are 
Bulgaria (Elenkov et al^ . , 1975; Angetor, 1979), Austria 
(Glaeser, 1973, 1974), Czechoslovakia, (Lebeda, 1983; 
Zlochova, 1988), Norway (Gjaerum, 1956) in Europe; Brazil 
(Reifschneider et^  a^. , 1985) Argentina (Mazzanti De 
Castonon et_ a^., 1987), Peru (Mont and Villon, 1975) in South 
America; South Africa (Gorter 1974), Egypt (El-Kazzaz, 1983), 
Sudan (Omar, 1975), Malawi (Spurling, 1973) in Africa; 
Australia (Ballayntyne, 1963, 1975), Taiwan (Sawada, 1959) in 
Pacific and Iraq (Allison, 1952) in Asia continental. 
Clare (1958) and Boerema and Van Kesteren (1964), 
Ballantyne (1975), Boesewinkel (1980), Khan (1983, 1989), 
suggested certain anamorph characters, specially presence of 
fibrosin bodies and morphology of germ tubes of great 
taxonomic value for differentiating the powdery mildews of 
cucurbits. A great degree of consistency observed in the 
present study in which a large number of samples were 
examined, further add to the taxonomic value and importance 
of these characters specially presence or absence of fibrosin 
bodies, formation of forked germ tube, appressorial 
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development, and point of germ tube origin. The conidia of 
powdery mildew identified as S. fuliginea possessed well 
developed, discrete fibrosin bodies. Though some samples did 
not show fibrosin bodies in all conidia, a high percentage 
contained them. Number of fibrosin bodies ranged between 6 to 
12. These were sufficient to give clue towards its identity. 
Conidia of S. fuliginea produced simple and forked germ tubes 
and did not develop appressoria. This pattern of germ tube 
formation without appressorial development was highly 
consistent. The per cent forking of germ tubes was between 
41.31 and 52.00 (Table 18). BaUantyne (1975) in her review 
mentioned that 5 to 60% conidia of S. fuliginea produce 
forked germ tubes with more specimens between 3-5%. In that 
comparison the range of forking was greater and quite common 
and evident in all the samples identified as S. fuliginea. 
The germ tubes emerged from the side walls of the conidium. 
The conidia of E. cichoracearum formed simple germ tubes 
which later developed club shaped appressoria. The per cent 
appressorial development ranged between 62.30 to 68.31. The 
germ tubes emerged apically/basally. The conidia of 
S. fullainea were ellipsoidal where as of E. cichoracearum 
were barrel shaped. L/B index was more or less constant and 
therefore appeared to be an useful criterion. L/B index of 
S. fuliainea was less than 2 indicating the approximate 
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length and breadth ratio 3:2 while in those of 
E. cichoracearum was more than 2 indicating the length and 
breadth ratio 2:1 (Table 19). 
In samples where both anamorph and teleomorph were 
present and the teleomorph was allocated to S. fuliqinea, 
anamorph characters were identical to those where only 
anamorph was present and was assigned to S. fuliginea. 
Similar pattern was observed in characters of anamorph and 
teleomorph of E. cichoracearum. 
Response oC host differentials 
One aspect of study was to evaluate the consistency in 
response of Lagenaria siceraria and Coccinia grandis, which 
were proposed by Khan (1978) as prospective host 
differentials for identifying S. fuliginea and 
E. cichoracearum to various collections of S. fuliginea and 
^* cichoracearum made during the study. While proposing these 
two cucurbits as host differentials for the species in his 
inoculation studies, he suggested to test consistency in 
their response to races of S. fuliginea and E. cichoracearum. 
In the present study L. siceraria was susceptible to all the 
tested collections of S. fuliginea, irrespective of source, 
host or locality. The same S. fuliginea isolates did not 
infect C. grandis either potted plants or leaf discs. 
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Similarly all the studied collection of E. cichoracearum did 
not infect' L. siceraria. This consistent repeatability in 
response of the hosts in the study show that these two 
cucurbit plants can be reliably used as an aid to 
differentiate S. fuliqinea and E. cichoracearum. 
Susceptibility of L. siceraria to all the collections 
regardless of races of S. fuliqinea differentiation in the 
study, may be the reason for more frequent attack of the 
disease on it in the field conditions. 
It was found to be infected with Race 3 and Race 1, the 
former being more frequent. Though it did not show the 
presence of Race 2 in the field collections in the present 
study, it became infected with Race 2 also in artificial 
inoculations. The possibility of occurrence of Race 2 on it 
in fields, therefore, can not be eliminated. 
Differentiation of races 
The race differentiation in S. fuliqinea isolates from 
Andhra Pradesh, Assam, Himachal Pradesh, Karnataka, Tamil 
Nadu, Union Territory of Delhi and Uttar Pradesh showed that 
3 races namely Race 1, Race 2 and Race 3 were present in the 
states. The races showed a pattern in their occurrence on 
the cucurbit crops. This host specificity was consistent in 
the state. Race 3 was most widely distributed infecting all 
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the cultivated cucurbits except L. cylindrica and C. vulgaris 
var. fistulosus. Race 1 was relatively less frequent and 
inEected L. cylindrica in all the states wherever the crop 
was found infected. Besides L. cylindrica it was also 
associated with L. siceraria, C. moschata, C. tnelo and 
C. meJLo var. utilissimus. S. fuliginea present on C. vulgaris 
var. fistulosus invariably comprised Race 2. 
Powdery mildew in general are a difficult group of 
fungi to study. Obligate nature of parasitism, maintenance of 
pure isolates because of their ectophytic nature and wind 
dissimination of conidia and non-availability of host 
differentials are some of the major difficulties related to 
the lack of pursuance of studies in this significant aspect 
of the problem. Global occurrence of S. fuliginea on 
cucurbits under various agro-ecological or climatic zones 
provides opportunities for variations in species. This aspect 
of problem needs to be addressed and emerging informations 
would be of tremendous value for the management strategy of 
the disease. Efforts made in past in some parts of the world 
are too meager. Some studies (Jagger and Scot, 1987; Jagger 
et al., 1928) made in past showed the presence of races in 
powdery mildew of cucurbits. The identity of the species was 
not established and the considered species was called 
E. cichoracearum. These two races perhaps belonged to 
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S. fuliqinea. Sowell and Corley (1974) studied the severity 
of Race 2 on muskmelon introduction in USA. 
As evident from the work of Thomas (1978) the 
occurrence of two races in S. fuliqinea were well known in 
U.S.A. He identified Race 3 in S. fuliqinea in USA by using 
cantaloupe cultivars i.e. PMR5, PMR6, PMft45 and Edisto 47. 
Thus Thomas (1978) clearly showed the presence of three races 
in S. fuliqinea in U.S.A. The same cultivars were used in 
this study for detecting races in S. fuliqinea.Re ifSchneider 
et al.. (1985) recorded race 1 of S. fuliqinea infectin9 
muskmelon squash and cucumber in Brazil using the cantaloupe 
cultivars used by Thomas (1978). It is evident that these 
cultivars of cantaloupe can be used as differential for known 
races of S. fuliqinea. 
Studies on differentiation of races are apparently few 
and are not well exercised. The possibility of variations 
with in S. fuliqinea infecting different cucurbits is great 
in India because of varied climatic conditions in different 
agro-ecological zones of the country and availability of 
cucurbits as hosts in one or the other part of the country 
throughout the year. The differentiation of races in S. 
iHiiainea has gained little study in India. Kaur and Jhooty 
fl985) studied the pathological specialization of six 
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isolates oE S. fuliginea causing powdery mildew o£ cucurbits 
in the areas of Ropar, Hoshiarpur and Ludhiana districts in 
Punjab and reported three different forms on the basis of 
differential reaction of cucurbitaceous hosts. For testing 
the physiological forms, 3-4 leaf stage seedling 
of C. melo, C. melo var. utilissimus, C. pepo, L. siceraria, 
L. cylindrica and C. lanatus were inoculated with different 
isolates of S. fuliginea. On the basis of variations in the 
pathogenicity of the isolates, they claimed presence of three 
distincts pathological forms of S. fuliginea designated as 
form 1 on L. cylindrica, form 2 on C. lanatus and form 3 on 
C. melo, C. melo var. utilissimus, C. pepo and L. siceraria. 
Kaur and Jhooty (1986) reported Race 3 on muskmelon by using 
cantaloupe differentials of Thomas (1978). Information on the 
occurrence of races in S. fuliginea in most of the states of 
India did not exist before this study. The presence of three 
races on cucurbits in various states included in the study 
are identical to their occurrence in Punjab. The three races 
may be occurring in other states as well but this needs to be 
verified. This information, particularly their association 
pattern of races with the cucurbit crop may be significant in 
relation to cultivation of cucurbit crops in a given area. 
Though S. fuliginea infects a large number of cucurbits 
all over the world in- various agro-climatic conditions, the 
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numbers of its known races as it stands at present, are 
relatively few. The species has not possibly developed, a 
great degree of pathogenic diversity as Erysiphe graminis. 
The preferential selection pressure exerted by the resistent 
cultivars on the pathogen is generally lacking, since there 
are a small number of cultivars of cucurbits, resistant to 
the species. The resistant cultivars, at the same time, if 
available are not grown on large scale. The rare occurrence 
of sexual reproduction also limits the development of 
variability in it. 
The long distance dissemination of powdery mildews 
provide an opportunity for rapid spread of new pathogenic 
forms. This could happen with S. fuliginea as well if 
pathogenic variations originate in its populations and this 
may lead to serious consequences. While breeding cultivars 
resistant to S. fuliginea in general or for race specific 
resistance this aspect need to be addressed adequately. 
In conclusion, from the study it can be generalized 
that S. luU,2inea and E. cichoracearum are the common species 
in the study area or in India as whole. S. fuliginea is 
mainly responsible for the disease on cultivated cucurbits; 
E. cichoracearum being restricted to C. grandis. its 
importance on cultivated cucurbits is too little in field 
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conditions. All the three races of S. Culiqinea are present 
in the area. Race 3 is more common than Race 1 and Race 2. 
The relative dominance of Race 3 is greater than Race 1 
followed by Race 2. This base-line information on powdery 
mildew infection on cucurbits in the study area and 
distribution of species and races of S. fuliqinea may be 
taken into account for adopting management measures 
particularly through the use of host resistance. The breeding 
programmes of cucurbits should consider these information. 
SUMMARY 
studies were undertaken to establish the identity of 
powdery mildew species and races in Sphaerotheca juliginea 
associated with cucurbits in order to understand their 
pattern of distribution in a study area comprising nine 
states and one Union territory (Delhi), located distantly and 
in different agro-ecological zones of the country. The states 
of Andhra Pradesh, Tamil Nadu and Karnataka from southern 
part, Assam from north eastern part, Madhya Pradesh from 
central part, Rajasthan from western part and Himachal 
Pradesh, Delhi (Union territory), Uttar Pradesh and Bihar 
from northern part of the country formed the study 
area. Powdery mildew infected samples of bottlegourd 
(L. siceraria) pumpkin (C. moschata), squash (C. maxima), 
muskmelon (C. melo), cucumber (C. sativus), longmelon 
(C. melo var. utilissimus), snapmelon (C. melo var. 
momordica), 'tinda' (C. vulgaris var. fistulosus, and 
?• grandis, a wild cucurbit were collected from different 
localities in the states of the study area. This study for 
the first time in India considered such a large area making 
extensive surveys with the objectives to establish the 
identity of the species, infecting cucurbits. The identity of 
the powdery mildew species was established by using 
teleomorph characters, if present and anamorph characters. 
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Presence or absence of fibrosin bodies mode of germination, 
morphology of germ tubes and response of host differentials 
were used to establish the identity of powdery mildew species 
involved in the disease. Sphaerotheca fuliginea and Erj£si,£he 
cichoracearum were identified to be present in the study area 
associated with the cucurbits and responsible for the powdery 
mildew disease. The species showed a variations in their 
distribution and association with the cucurbits. S. fuliginea 
was found infecting all the cultivated cucurbits in all the 
included states where as distribution of E. cichoracearum was 
mostly restricted to C. grandis. In addition, it was found 
attacking C. melo in Assam and Karnataka and C. moschata in 
Karnataka. The species did not appear important in the field 
infections of cultivated cucurbits. Therefore, S. fuliginea 
is recognised as mainly responsible for the disease on most 
of the cultivated cucurbits in the states especially and in 
India in general. 
Sphaerotheca fuliginea was found as commonest and 
dominant species in the area, occurring more frequently than 
E. cichoracearum. E. cichoracearum was relatively less widely 
distributed. LeveJUula taurica was not found in any sample. 
Both species were found on cucurbits in all the agro-ecologi-
cal zones of India except Zone II and VII which were not 
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surveyed. S. £uliqinea infected all the cultivated cucurbits 
in all the surveyed zones whereas E. cichoracearum was found 
restricted to C. grandis. Some cultivated cucurbits like 
C. moschata, C. maxima and C. melo were also found infected 
with E. cichoracearum in zone II and VIII. 
A number of anamorph characters particularly presence 
or absence of well developed discrete fibrosin bodies, 
conidial dimensions and L/B index, forking of germ tubes and 
appressorial development and point of emergence of germ tube 
from the conidium were examined for their consistency. These 
anamorph characters were found consistent to a great degree 
and are suggested reliable for differentiating S. fuliginea 
from E. cichoracearum. 
Consistency in the response of Laqenaria siceraria and 
Coccinia grandis proposed by Khan (1978) as prospective 
differential hosts were examined to all the powdery mildew 
collections from different states. L. siceraria was found 
susceptible to all the tested collections of S. fuliqinea, 
irrespective of source, host or locality. S. fuliqinea 
isolates did not infect C. grandis either potted 
plants or leaf discs. Similarly all the studied collections 
of E. cichoracearum did not infect L. sjcer^aria. Two 
cucurbit plants were found dependable for their use as host 
differentials to identity S. fuliqinea and E. cichoracearum. 
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Race 1, Race 2 and Race 3 were identified in 
S. fuliqinea isolates from the cucurbits in the study 
area. Race 3 was wide-spread in distribution being present on 
L. siceraria, C. moschata, C. maxima, C. melo and C. melo 
var. utilissimus. Race 1 was relatively less frequent and 
infected L. cylindrica. Besides L. cylindrica it was also 
associated with L. sicerariaf C. moschata, C. melo and 
C. melo var. utilissimus. Race 2 was restricted to 
C. vulgaris var. fistulosus only. 
It can be concluded that the powdery mildew disease is 
apparently common in the area and most of the 
commonly grown cucurbits of the area are liable to suffer 
damages. S. fuliqinea and E. cichoracearum are the species 
responsible for the disease on cucurbits in the study area on 
cucurbits. S. f ul ig.inea is wide-spread in distribution 
infecting most of the cultivated cucurbits. Anamorph 
characters and L. siceraria and C. grandis, the prospective 
hosts can be reliably used in identification of S. fuliginea 
and E. cichoracearum. Three races i.e. Race 1, Race 2 and 
Race 3 comprise S. fuliqinea appearing on the cucurbits in 
the study area. it is expected that this pattern of 
distribution of the two species of powdery mildews and 
occurrence of 3 races in S. fuiisinea may be found in other 
states as well. 
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